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P AIRCRARY meomummss SEC'I'ION
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SOMMARY OF INFORMATION PERTAINING 70 GLIDERS

Objec ib summnarize - thn Federal regulations a.nd mterpmtations
per the registration snd identification, certification (formerly
referred to as licensing), and operation of gliders, Unless otherwise

specified, the publications referred %o herein may be obtained fram:

Publications & Statistics Division
Civil Aeronantics Luthority

_ - Washington, D. C.
A, REGIS‘I‘RA’I‘ION AND IDEM‘II"ICATION.

. 1. I accordance with the civi.l Adr ngulatiom. Parts 01 and
. 60, ap amended 1940, all gliders must be registered with the Authority
and must display mn?ﬁrication marks assigned and issued by the
Authority. Coples of the necessary application form may be obtained
-from axny of - the repreaontativea of 4he A.ui;hority listed in Part C
~ ‘below, or from. o ‘

Chief, Cortificate Section
Civil Aeronsutice Authority

wmn.n G,

Tt should be noted. that technical data (atmctural analyses,
drawings, etc, ) are mot required for registration and. mnt:l.ﬁcation.

B. AMINESS GMIFIGATES

R urworth.tnesa certi.ﬁcates for the *Ct or 'R! classification
can not be obtained for a dowestic glider unless (1) the glider air-
worthinsse requirements (CAR 05) bave been complied with, (2) the
glider is of a type gpproved under previous regulations, or (3) the
glider has been previously certificated. In any case, the glider
m :z.téafactorm pass. an ingpection conducted by peraonnol of the

[ .

2, Drafts of the glider aimrthinass requirements. designated as
-Part 05 of the Civil Air Regulations, and the corresponding Civil
Asrongutics Authority Memual, CAAM 05, are now avaﬂable for distribu-
tion, Uopios can be obtained from the Authority.



"3. When an ajrworthiness certificate is desired for a home-
built glider of domestic design ‘the procedure outlined below should
- be followed::

a. FProcedure for Designer and Builder of Basic Model.'

(1) The original designer, manufacturer, or holder of
the type certificate (if one has been issued) should
submit an application for approval, of the glider for
home-building. This application should indicate the
extent to which home-fabrication is to be employed, ac-
cording to the following general classification:

(a) Assembly of major structural conponents from
prefabricatod assembly kit

. (b} Building or atructure from pre-cut members
supplied in the form of e construction kit

{e) Complete building of structure by home-builder
: rrom approved drawings.

o2y 1f the design has ot previously been granted an ap-

- proval by meens of an sirceraft specification {which makes
the model eligible for certification subject to inspection)
complete technical data (drawings and structural analysis)
must be submitted in accordence with the procedure out-
lined in CAR 05, “Glider Airwcrthinessh. ~ A complete file
of the drawings and instructions to be supplied to the home-
builder must be submitted. (These will usually include all
drewings required in CAR 05.) Drawings supplied to the
‘home-builder must contaein complete information as $o material
specifications, correct shop practices and other information

: considered necessary to insure proper construction by the

o home-builder. In this connection, -drawings of primary struc-
tural parts which dsll for fabrication processes requiring
special training, (such as welding), should state that such
operations shall be performed by properly gqualified persons,
the qualifications to be determined by the Authority in ac-
cordarice with the neture of the construction. In certain
cases, it 18 considered necessary that -such qualifications
be satisfactorily demonstrated to a representative of the
Authority. : :

{3) 'If the modelihaaupréfiously been issued en aircraft
specification, it is necessary to submit only the drawings
and instructions which are to be supplied to the home-builder
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loese conform to the requirements outlined in the sbove

- paragraph. Deviation from the original design may require
additional structural investigation, such as structural
enalysis and/or static tests.

- (4) The data submitted will be examined by the Aircraft
Airworthiness Section for conformity with the airworthiness
requirements and to determine the sultability of the draw-

- ings and details of construction for home-assembly or home-
building, considering the extent to which wrefabrication is
to be employed. It is necessary that the first glider con-
structed in accordance with the drawings and instructions
to be furnished the home-builder be insnected, in its com-
pletely assembled form, for workmanship, materials and con-
formity, before the covering operation. -This inspection
will be suthorized upon the completion of a preliminary
exariination of the deta. This procedure is adopted to al~’
low the manufacturer to complete the first article while
the examination of the technical data is being completed.
See paragraph (6) below regarding further inspections and
tests, .

(5) As indicated in peragraph (4) it is necessary ror the
original designer to construct, or t6 have constructed, at
least one complete glider in accordance with the drawings
‘for which approval is desired. This construction incor-
porates all prefebricated parts which will be supplied to
the home-builder. In some cases in which approval of sev-
eral different classes of home-fabrication (such as out-

~ lined in paragraph (1)) are desired, it may be necessary to
construct certain portions of the glider in several dif-
Terent ways, unless all classea cen be covored in one arti-
cle -

(6) After satisfactory complétion of the first inspection
and all required static tests (paregraph (4)) the glider
may be covered and a final enginesring inspection and flight
test‘authorized, Upon satisfactory completion of these in-
spections an aircraft specification will be issued, (or the
original aircraft specification modified if the design has
previously been approved). The aircraft specification will
specify the extent to which home-building is approved for
the particular model and provide for the certification of
subsequent gliders of such model, subjeet to compliance with
certain inspection procedures, outlined below.
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by

(7) "hen the kits are to be partially prefabricated, the = -
manufacturer of such kits must demonstrete, through a f..»ctory
inspection, that he possesses the. :facilities necessary to in~
sure the production of kits of exact: similarity end. in exact
agreement with the apnroved drawin@ _ N

Procedure for Home-Builﬁer of a.n Approved lbdel ( !

(1) The home—builder must oonstruct his. glider in emct ac-.
cordance with the. -approved drawings and to use the parts and
materials- included in the approved assembly or construction
kit, if such a kit is supplied. An affidavit to this effect
must be submitted. to -the. Authority when the first. request for
an inspection is made. - Any deviation fram the approved: drawings
or any. substitution: for. parts included in an approved kit is
considered by the Authority as an alteration, in which case .
complete substantiating techmical data are required. When the
glider has been completely. assembled and before. any.covering.

- operations have been completed the-home-builder should contact

the local Civil Aeronamtics Authority representative and re=-
quest an inspection of the glider, :

(2) .A Civil Aeronautice Authority representative will inspect
each. home-built glider, in its completely assembled form: for
mrlmnship, materials end conformity,: ‘before the covering: -
operation, . In some cases $this inspection mayinclude certain

- proof. tests, depending on- the nature of -the construction.  Such

tests will haye been decided upon in the original examination.

of the drewings and will be-definitely specified in the:instruce
tions to. the home-builder, Another inspection will be conducted
after covering, . Upon the satisfactory completion of these in-
apections, and after satisfactory completion of & demonstration
flight by a pilot holding an appropriate and currently effective
airman certificate witnessed by a representative of the Authority,
the glider will 'be eligibla for urtification a8 - to airw*rthi.ness.

Proced.ure for B’ome-lBuild.er o:t‘ Sinﬂe Glider not of a Previo_g&
..I’E_I ved MI

o) If on]y one glidsr .‘m 1nvolved. a type certifica.ta neecl not

.be sectired as operation can .be. authorized on the basis of an air

worthiness certificate only,  Such a certificating procedure will
usually requ.ire the m:l.nhmm amount .of tec.hnical data to be sub-

f"-.‘\
‘e
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L. When an airworthiness certiricate is desired for a home-
built glider of approved roreigg design, the following procedure
shduld be followod' ,

‘koil,Evidence of approvel of the type design by the proper
foreign airworthiness suthorities must be secured. This
record will be ‘accepted as proof of strength., -

b, " A statement from the pertinent foreign manufacturer, cer-
tifying that the drawings from which the home-built glider
is to be (or was) constructed conform to the type design,

¢ must be submitted to the Auxhority.

¢. A complete get of the above drawings, together with a
drawing list must be subnitted.

d. It mst be shown that the materials used in conetructing

‘ the glider are equivalent to, es regards mechanical properties,
etc,, or better than the materials speciried on the original
manufacturer's drawings.

.o. Upon satisfactory completion of the inspections and tests :
specified in 3, » above the glider will be eligible for
certification,

: 5. It should be noted that insofar as the Civil Aoronautics

Anthority 18 concermed, en airworthiness certificate (see Pert ¢) is
not required for the intra—state cperation of gliders provided that
the gliders are not flown within the limits of a civil airwey or a
control zone of intersection. An identification mark is, however,
required (sse Part A). The details of these requiramonts are set
forth in Part 60 of the Civil Air Regulations, perticularly in Section
60. 2. It should also be noted that therc are no.additional Federal
Regulations governing the inter-state operation of non-commercial -
gliders, A large number of States, however, do require all aircraft
to have an airworthiness certificate. It is sugpested that detailed
information on this point be obtained from the pertinent State Aero-
nautics Authorities. .

6. Operation

a. In accordance with the Civil Air Regulations, Parts Ol and 60,
. experimental operation may be auzhorized for gliders under the_
_ rollowing circumatancss '



_, (1) Hhon the slider is to be used solely for experimental
purposes,* and has no apparent unairworthy features. In _
general, such certification will mot authorize airplans towing,
unless sufficient aatisfactory tachnical deta have been sub-
mitted to the Aircraft Alrworthiness Section of the “Authority
to determine safe towing speeds. It shou}.d be ncted that in
experimental operations only personnel essential to tha purposes
of the flight are to 'be carried.,_ . :

(2) In th@ caae o2 nationsl glider meets which are witnessed
by an inepector of the Authority, experimental operation ney
be guthorized for the gliders in the meet for the duration of
the meet, provided that the gllders pass the necesgary inspec-
tions (see (1) ebove). In certein csses such’ certificates ‘will

: p@*‘mit airplane towing.

b, 1T mg arparimental oparation is desired one or tha rollomng
e representatives of the Authoriﬁy should be contacted for further

information:

:Iohn E, Sommers, Regional lianager, o
Civil Asronautics Authority, :
P. 0. ‘Box 41.9, Newatrk, New Jersey.

_ R. c, Gopeland, Regional Menager,
.. Civil Aeronauiics Authority, =
__”_,P.lo. Box 1.327, Atlanta. Georgia.

-Harold R. Neelyg Ragional Mentager,
_.,.:civ:tl Aeronauties Authority, =~

. 1204 New Post Office Building, _
..Ch:lcago, Tilinois.

. L.C. Blligtt, Regionel Maneger,
. Ciwval Leronautics Authority, . .
‘P. OarBoz 1689, E‘ort Worth, 'I‘exaa._:"

Loonard W. .Turden, Regional Manaser,

Civil Aeronautics Authority,

Bighth Floor, City Hall Building, =
. Kensas City, Missouri. _ _

* Note. As used herein, the term "experimental" ‘when anpli'sd 4o an
: airoraft denotes that such aireraft is certificated for ex-
perimentation in flight with & view to determining or improving
its characteristic¢s or those of its components: or accesgories,
"and that inspection has disclosed no unairworthy feature of such
siroraft with respect to stmctural integrity, wormanship or

flight characteristics.



J. . Marriott, Regional Manager,
Civil Aeronautics Authority,
P. 0. Box 1010, Santa Monica, Cal.

R. D. Bedinger, Reglonel Manager,
Civil Aeronautics Authority,
King County Airport, Seattle, Wash.

" ¢. AIRMEN CERTIFICATES. (Formerly called pilot licenses)

1. The prerequisites for the issuance of airmen certificates are
gset forth in Part 20 of the Civil Air Regulations, particularly Sections
20,15, 20.16, and 20,17. . It should be noted that, insofar as the Civil.
Aeronautics Authority is conoerned, mirmen certificates are not required
for the operation of uncertificeted gliders. For informetion regerding
State Regulations, it is sugrexted that the pertinent State Aeronautics

Authorities be contacted.
D. DRAWINGS OF GLIDERS.

" 1. The Authority does not have any dravings of gliders available
for distridbution. _ ‘ ' a



PART 05,—GLIDER AIRWORTHINESS

p5.0 Generai,

95.00 Scopes Pursuant to the provisions of the Givtl Aero~
nautics Act of 1238, empowering and requiring the Ciwvil Aeronautics
duthority to prescribe such minimum standards governing the design.
materials, workmanshlp, constructicn, and performance of ‘aircraft
&s may be required in the interest of safety, and to provide for the

ting of aircraft as to alrworthlness, the requirements hereinafier
set forth shall be used as the minimum standards- for estﬂbllsnlng
such rdtlng of gliders. '

05.000 Alrworthlneos certificate. The general reguirements
for the issuance of an airworthiness certificate, and other informa-
tion concerning such certificates, arc set forth in Part 0l. The
airworthiness requirements which shall be used as a basis for the

certification of gliders are specified hereinafter. (See & 05 003).

05.001 Tyoe certificate. The general requiréments for the

.. issuance of a type certificate are set forth in Part 0l1. In addition

to the requirements hereinafter specified for an airworthiness cer- .
tificate, the special requlrements designated as (TC) shall. anply
when a type certlflcate is sought.

05.002 Production certificate. The requirements for the
issuance of, and the procedure for obtalnlng, a Droductlon certificate
are set forth in Part 01. o !

OS 003 Dev1atlons. These requircments are based on tke present.

' development in the science of glider desien and apply only to con-
ventional types. Now types of gliders and new types of construction

may, however, incorporate features to which these requircments cannot

‘be loglcally applied. In such cases, special consideration will have

to be given to the particular new problems involved. In cases whar

the deviation from .conventional practicec is small, approval may be
grarted if sufficient evidence is submitted to show that the proposed
deviation will not be detrimental to the airworthiness of the design..
When the deviation from conventional practics is considerable, special
rulings covering the featurefs) in guestion shall be obtained from the
Authority. Insofar as these rcquircments are concermed, acrobatic,
seaplane, and amphibian gliders arc considered as new types.

05,01 Classification of gliders. For the purpose of applying
these requirements, gliders arc classificd on the basis. of certain
1mDosnd operating restrictions, as outlined in Table 05-1.

:Nuu-f?

Page 1



PART 05.—GLIDER ATRWORTHINESS

'TABLE 05-1 — GLIDER CLASSIFICATIONS

Minimum | Mimimum o R
. _ . . "Never Auto- | [ i
Class | Type of Glider Exceed" | Winch , Airplane Blind - }
Placard | Tow ! Tow lfFlying .
Speed . | Placard ! ' i : i
m.,p.h. | Speed S :
' ReDsNe ! '
I  |High performance | , 80 50 Permitted | See -
Intermediate ' . . Note 1
F'otility | ' - o '
II High performance 65 50 Permitted | Not '
Intermediata C Permitted
Utility - - ‘ S
Primary
1884 Utility 50 45 | Not . .| Not X
Primary | Permitted| Permitted

Note 1, Blind flying will be permitted if & 05. 510 is
complied with, :

05, 02 Alrworthiness reg_351tes. As a basis for an airworthiness
rating, the suitability of gliders with respect to the following
factors shall be demonstrated in a manner satisfactory'to the Authority-

(a) The structural strength of wing, tail and control surfaces,
fuselage, fittings, control systems and landing gear.

(b) Pilot compartment, cabin and control arrangements.

(¢) Equipment and instruments.

(d) Design details.

(e) Products, materials, construction, and workmanship.

(f) Flying characterisiics and quallties.

(g) Safety features.

‘ 05,03 Technical data regulred. When technical data are sub-
mitted as a basis for an airworthiness rating, they shall include
information which, in conjunction with suitable inspection and test -
procedure, will enable the Authority to establish such rating, -

05.030 Submission to branch office. When data are subtmitted
to & branch office of the Authority, extra copies of the three-view
drawing, correspondence, and aoollcations shall be included for the

Washington office files.

Page 2



PART os,«.._;-GLIDER AIRWORTHINESS

06,051 Data required when airworthiness certzfzcate onlx is

sought, The minimum data required &s a basis for the 1ssuanee of
&n airworthiness certlflcate only are. as follows-

‘ (a3 A three-view draw1ng of the gllder, to a deszgnated scale,
specifying the external dlmensions, manufacturer's designation,
gross weight, empty weight, wing and control surface areas,_seating
arrangement, baggage and ballast capacities (in pounds) and equip-
ment supplied.

(b) Such additional technical data as are deemed necessary by
the Authority to shew compliance with the requirements of & 05 0%
or their equivalent, : T

05,032 Data requirdd for type certificate (TC). As a basis
for the issuance of a type certificate, the fellowing technical.
data shall be submitted in a satisfactery form:

-

{a) Draw1ngs.

(b) Drawing list (in dupllcate)

(¢} Bquipment lists.

{(d) Prelimindry weight and balance report.

{e) Balance diagram.

{f£) Weight table. '

(g) Structural. report (structural analy31s and/or test reports)

05,04 Procedure when alrwnrthlness certlflcate only 13 s gg .
(See also Part O1). —

| 05.040 General., The applicant shall pfové tﬁe“sultablllty of
the glider with respect to the airworthiness requisites listed in
& 05.02 or their equivalent, to the satisfaction of the Authority.

05.041 Structural i__pect1on. An official representatlve of
the Authorlty will conduct all necessary inspections of the structure
and methods of fabrication prior to completion of the glider and will

tness structural tests in compllance with these regulations. (See

05.333),

05,042 Flight tests.. The glider shall be subjected to the 
flight tests necessary to prove compliance with the flight and _j;
-operation requirements specified in & 05.7. .

05 6] Procedure for type certiflcate.

05,050 Examlnation of data; The Authority w111 examine partial
units of the required technical data, provided that each unit is
complete in itself with respect to both analysis and drawings. When
the required technical data contain serious errors or omissions, the
examination may be ‘discontinued until the data have been properly cor-
rected.

| Page 3



. PART’ os::iilecuinmn?moa@ﬂxms

OS 051 Structural insgec‘bion. An official representative ‘of _
the Authority will conduct 811 necessary inspections of the structure
and methods of Labrication priox to completion of the glider and will
gi;«slegg)stmctural tests in compliance with these regulations. {See

[ - AR .

;08 052 _m msgection authorization. A type inspection will
be a.utborized after the required technical data’ have been found to

be satis f‘ac-toryf, _

05 058 | Type intggection grocedure,‘ The type inspection shall
conaist of a ground inspection and a flight test of a glider built -
to gonform with the technical data previously submitted and on which-
the &ype inspection authordzation was bagsed. Prior to; or'at the
time of, the type inspection, the applicant: shall submit the follovn- .
ing tn the representative of the Authori‘ty. L :

{a) Affidavit of GOIIfOI‘Tl!ltYa

{b} Weight and balance {actual) repcrt.

(e} Applicant's flight test report.

If. during any part of the ground inspection or ﬂight test there is
‘poted ary unfavorable characteristic or serious defect, the type in-
.8pection may be discontifued until- proper correc’cive measures have
‘been t.akcfn by t.he applicant.. o

(EE-.;C%S&L Gertifica.tion 01 gliders. T'heﬁprcceduré specifi'ed in' ‘
the following subparagraphs will be followed in certifying as ‘bo the -
_airworthmess cf & glider. T ,

05,0540 Issuance of aircraf-t sgecification. Upon COmpletion -
of all repor reports, tests and inspections required to prove compliance
with the alrworthiness requirements. to the. satisfaction of the :
Authority and upon réceipt ‘of the. ‘certifidation of the inspector
(or inspectors) who conducted the typs inspection to the effect
that the glider inspected was found to’be aimworthy, together with
properly executed inspection forms specified in the preceding para- -
graphs, an Airoraft Specification will be issusd for the type and
model of the glider in‘question.  The Aircraft Spccification will
‘certify as to the airwdrthiness of gliders of the type in question
wherl ‘masiufactured and inspected in acéordance with the provisions
not.ef% 'thorecna : 4

85¢€B541 Is suance oi‘ txpe certificates. A type certificatc i
such as is 4 described in Part-0l- 111 be issued to- the a'.:plicant
apon compj,.aance m.‘bh the requirements therem. . SR

QSQOS% Au‘bhenticated data._ As & part’ of the' type certifica‘be,'
t.he Anthority will furnish the applicant upon issuance of. such

Page 4



PART 05,~-GLIDER AIRNORTHINESS

certificate, one set of drawing lists on which the seal of the
Authority is impressed. These lists shall show acceptance of the
drawings as partial proof of the alrworthiness of the type of
glider to which they apply. ~ : -

05,085 Confldentlal data, All technical data submitted by
the applicant for the Authority's file will be held confidential and
will be used only in comnection with the airworthiness rating of the
glider or gliders to which such data apply; provided, however, that
the Authority may at its discretion make such use of the confidential
data as is required in the interests of public safety. Access to

.confidential data will be provided to accredited representatives of

the holder of, or applicant for, a pertinent certificate. Confiden—
tial data will not be used for reference purposes in cormection with
the repair, alteration or remodeling of certificated gliders by
persons other than the holder of the pertinent certificate without
the written consent of such holder unless he is out of buginess or
has given the Authority blanket permission for such use.

05.06 Changes, repair and alteratioen.

t

05,060 Change, repair or élteration of certificated gliders.
Change, repair or alteration of a certificated glider renders such
glider subject to re-rating as to airworthiness in accordance with

. the maintenance, repair and alteration requirements of the Authority,

but does not affect the type certificate on which the alrWOrthlness
certification may have been based.

05.061 Changes affecting type certificate. The holder of a
type certificate shall apply for approval of any specific change or
revision of the approved drawings or specifications which, in the
opinion of the Authority, affect the airworthiness of the glider
gnd shall submit sufficient technical data in the form of strength

calculations and strength tests, or both, to demonstrate continued

compliance with the airworthimess requirements hereinafter specified.
If, in the opinion of the Authority, the changes are such as to
affect the. performance or opsrating characteristics, appropriate
tests may be required. Upon satisfactory proof that the revisions
do not render the glider type unairworthy the Aircraft Specification
may be modified to include gliders embodying the approved changes,

- and sealed copics of the revised drawing list pages w111 be returned

to the applicant,

05.1 Definitions. . - ,

05,100 Gross weight, W. . The maximum weight of the glldef and
its contents uszd for purposes of showmng compllance with the require-
ments hercinafter specified, :

Page 5



PART 05.,~—GLIDER AIFWORTHINESS -

05,101 Design wing area, S, The area enclosed by the pro-
‘jection of the wing outline, including ailerons and flaps, but -
ignoring fairings-and'fillets, on a surface,containing. the wing
chords, The outline is-assumed to extend through the fuselage
to the plane of symmetry. '

05 102 Des”gn wing loading, s ='W/S. The gross weight
(& os, 100) divided by the d351gn wing area (& 05.101),

05 105 A:r density, p. The mss denelty of the air through '
which the glider is moving, in terms of the weight of'a unit volume
of air divided by the acceleration due to gravity. The symbol p,
denotes the mass density of air at sea level under standard
stmospheric conditions and has a value of O. 002378 slugs per cuole

foot, (See § os. 124 for definition of standard atmosphere.)

- 05,104 ‘True alrspeed,Vﬁ. The velocity of the glider, along
- its fTight path, With respect to the body of air through which the
. glider is moving. ' '

08,105 Indicated airs eed V. 'The true airspeed multiplied «
by the term vb/p,  (see # 05,108, ) |

: 05,106 - ‘Design auté-winch tow speed, Viawe The maximum in-
dicated airspeed at which the plldar is assumed to be towed by
automobile or winch.

05.107 Design aircraft tow speed, Via. The maximum indicated .
alrspeed at which the glider is assumed to ‘be towed by aircraft. *
(Vig = Vg, usually.) -

05,108 * Dosign gliding speed, V Yo+ The maximum indicated “
airspeed to be used in determining the pertinent Structural loading
conditions. (See & 05.211 and 05.752). -

-05.109 . Design stalling speed, Vs. The computed indicated
airspeed in unaceclerated flight based on the maximum lift coef-.
ficient of the wing and the gross weight. When high-1i7t devices
are in operatzon the correspondlng stalllng speed will be denoted

) by stn

05.110 . Design flap speed, Vf . The indicated airspeed at.
1eH mAXTNuM Operation of migh-lift devices is assumed. (See ,
8 05.211 and 05.732),

05 111 DeSign ggst voloc1ty Ve A spec1fic gust velocity
assumcd to act normal to the fllght path. (See & 05, 2121)

Page 6



" PART 054~~GLIDER ATRWORTHINESS

05,112 gzggggc Eres&ura, g ‘The kinetic energy of a.unrt

volume of air. >

Qe 1/2pvt2 (in terms of true airspeed in feet per second).
- 1/2pov (in terms of indicated airspeed in feet pen
' aecond;. :
.- Va/391 poundd ‘per square’ foot when V.is mileg per hour
. indicated airspeed. ' N . ,

(See & 05.103 for definition of p)

05,115 igad factgr or accelergtion facto;, n. The ratio of a
load to the gross weight.. When the load in question represents the
net external load ecting on the glider in a given direction, n
represents the 1oad factor or acceleration factor in that direction.

Q§al_. ___”z_;ga_. A load (or Yoad factor, or pressure) which
it is assumed orknownmay be aafely experienced but will not be
axceedad 4n operation. e ‘

05,115 Facter of safety, 3. A& factor by which the 1im1t 1oads
are multiplied for various design. purposes.

05, 116 Ultimate ‘actor of safety, Ju. 'A spe§1fied factar of

safety used in determining the maximum load which the glider struc-
ture is required to support.

05.117 Yield facter of safety, Jy. Alspecified factor of
Bafety used in commection with the prevention of permanent deforma- -
tions, ’ : ‘

: 05,118 Ultimate load. A limit load multiplied by the specified
ultimate factor (or factors) of sa;ety. (Sea above dafinitions and
& o5, 200).

05.118 Yield load. 4 limit load multiplied by the specified
eld fector {or factors) of safety. (See above definitions and
05.201). , , ,

54120 Streggth-tcst;. A static load test in which the ultimate
loads are properly apolied. {See & 05, ROO- and 05.331).

05,121 Proof test. A static load test in which the yleld
ioads.are properly applied for a period of at least one minute. (See
05.201).

05,122 Balanéing_;pads.' Loads by which the glider is placed in
a state of aquilibrium under the action of external forces resulting
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from specified loading conditions.. The. state of: equilibrium thus
obtained may be either real or fictitious. Balanecing loads may
represent air loads, 1nert1a loads, or both. (See 3 05,218 and

05. 2210). ‘ S

_ 05 123 Aerodynamic coefficlenta, CL, Cy, CP, ete. The

coefficients hereinafier specified are those of the "absolute"
(nondimensional) system adopted as standard in the United States,
The subscripts N and C used hereinafter refer respectively to
directions normal to and parallsl with the basic chord of the
airfoil section. Other subscripts have the usual significance.
When applied to an entire wing or surface, the cocfficients re-
‘present average values and shall be properly correlated with local
conditions (load dlstribution) as required in 4§05-217. i

- 05,124 Standard atmoqg_érc (standard air). Standard. atmos-
phere refers to that variation of air conditions with altitude:
which has been adopted as standard in the United States. (Sece
any aer?nautics text book or handbook, or NACA Technical Rsport
No. 218). ,

05.125 Primary structure. Those portlons of the glider,
the failure of which~would serlously ﬂndanger the safoty of the
elider. S .
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"05.2 Structural loadlng condltlons.'

05 20 General structural requlrementa.

- 05.200 Strength. The primary structure (see 5 gs. 125)
be capable of supporting the ultimate loads (see B 05,118) dete

- mined by the loading conditions and ultimate factors of safetyll

inafter specified, the loads being properly distributed and appli

05.20L Deformations. The prlmary structure shall be capable

of supportlng without detrimental permanent defozwatlons ‘for

period of at least one minute, the yield loads (see 8 05. 119) deter—
mined by the loading conditions and yiesld factors of safety herein—
after specified, the loads being properly distributed and apnlied.
Where no yield factor of safety is.specified a factor of 1.0 shall

be assumed. In addition, temporary deformations which oceur before the
vield load is reached shall be of such a nature that their repeated
occurrence will not weaken or damage the primary structure. "

05.202 Stiffness. The primary structure shall be capable of
supporting the limit loads (sce B 05.114) determined by the loading
conditions hereinafter specified without deflcecting beyond whatever

1imits may be hercinafter prescrlbed or which may be decmcd necessary

by the Authority for the case in qucstion.

05.21 Flight loads.

05,210 General. The airworthiness rating of a glider with
respect to its strength under flight loads will be based on the

 airspeeds and acecelerations (from maneuvering or gusts) which can

safely be develcped in combination, For certain classes of gliders,
the acceleration factors (specified in terms of load factors) and
gust velocities are arbitrarily specified hereinafter and shall be

‘used for those classes. The airspeeds which can safely be developed

—~

in combination with the specified load factors and gusts shall be

determined in accordance with the procedure hereinafter specified
and shall sérve as a basis for restricting the operation of the
glider in flight. (See B8 05,731, 05,732, and 05.733).

05.211 Design alrspeeds. ‘The design alrspeeds shall be.so -
selected by the desi-ner that the resulting operation limitations
will be consistent with the type and intended use of the glider.
Minimum values for Vg, Viaw, and Vg are specified in Table 05-2,
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bl '_'Glass of - Glider o I o | am
4 | ¢%ee Imbls 05-1) 3 | .

2 Design Gl,iding S\peeq 1 88 R 56

" Vg, wpn (See Meve'l) | ’ : :

3 _Design Auto-Winch TQW‘ ~ . &b §5 50

4 Des:’!.gn ‘.‘.‘lap pced. . . 1.6'7v5£ loﬁ?’isf l.S?V.sf. o
_ Vg, uphe B : O o

51 Pdé:ktiva Lo‘ad. Fact.or, | . 5.53 4.87 - 440

-} n (S notez) - : |

6 | Negative load Factor, n ~2467 _ £33 =20

(1) The sign gliding spaada s Shall not be leaﬁ-than the
. design aiveraft tow Specd, %ta’ (Ss0 M08.207)

() The minimum positive Iimit loud factor, n, =hall notb

: bg less than that obtained from the following formulas:

n=_1 Piay - o ', Whore
- (s-8) | B )

8 = desipn wing loading, psf,
-8 = unit wing v.uipht, psf -
Vmw - sm itom 3 of tabklo

08,232 Lgad fagtorg. The flight load fsotors spfciﬂi,ed herein-
aftor 8hall reprasent wing load factors. The pgt load faotor ox
scceleration factor shillbe obtained by propor consideration of
balancing loads acting on the glider in tho flight oondit:bons '

spacified in & 05.21% (Sea & 05,218).

08.2120 Manguvering load mc:@g . The Iindt manpuvering .oad
fagtors spc;clﬁc.d in Table 05-2 §hall ba considered as minimum values
- unless it can be proved, to the satisfaction of the Authority, that
 the glider embodies features of design which make it impossible to
develop such values in flight, in vwhich case lower values may be
usad subject to the approval of the Authority.

5_.,212; Qust Yoad factors. The gust load i‘not.ors shall bc. ocom~ -
puted on the basn,s “of & gust of tho magnitude specified, agting normal
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to the flight path. Proper allowance shell be made for the effects
of aspoct ratlo on the slope of t.he 1lift curve. _

05.2122 Factors of safety. A min:.zmm limit factor of safety
of 1.0 and & minimm p ultimete factor of safety of 1.5 shall be used
unless otherwise specified. See also & 05.27 for miltiplying factors .
of safety required in ecertaln cases. :

05,218 215 Smtr:}.cal fllght corditions (flaps retract_)_

05, 2150 Ba31c flight envelope. The 'basic flight enveiope,.
representing 1im:|.t. loads, shalil bo determined frem the follomng
conditionsg. .

05,2131 For the posa.tive portion of the basic flight envelope R
the flight speed shall vary betwsen the speed corresponding to the
minimum positive load factor at the positive dynamic Cy maximum and
the design gliding speed, Vge For the negative portion of the basic
flight envelope, the flight speed shall vary between the speed cor-
~ responding to the minimum negative load factor at the negative ‘

dynamic CI. maximm and the deaign gliding speed, Vg. :

05,2132 The minimmum positlve 1imit load fg.ctor throughout th
speed range specified in & C5.2131 shall not be less than that spcsi-
fied :ln Table 05-2, or that corresponding to a 30 fps, “up" 'gust.

05 21335 The mim.nnun negative limit load factor throughout the
speed range specified in & 05,2151 shall not be less than that speci-
fied in Table 05-&, or that correspond:mg to -1 30 fps. - "down" gust.

05.2184 A numboer of loading conditions sufficient to cover all
eriticzl conditions shall be determined from the basie flight envelope
and investigated in the structural report (% 0s. osa)

R 211‘ Symetrical flight oonda.t.:.one (flaps or euxlllmrv dc.vn.ces
in operation).

05. 2140 General. “hen flaps ‘or other auxiliary high-1ift devices
are installed on the wings, suitable provisions shall be made to account

for their use in flight at the design flap speed Ve (§ 05.110). Mini-
mum values of the design flap speed are specified in Table 05-2. ' These
provisions shall be baged on the mtended use of such devices.

‘05,215 Unsymmetrical flight c’ondi‘bions. ‘

; 05.2150 Genorsl. When deemed necessary by the Luthority, cuit-
able investiga‘ions shell be made for -unsymmetriesl flight .conditiors.
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1

05,216 Special flipht conditions.

05,2160 Gust at reduced weight. The requirements for gust
conditions (excepting tail surface gust conditions) under any load-
ing between minimum and maximum weights shall be.met by primary
gtructure critically loaded thereby. ‘ R

05.217 Wing load distribution. The limit air loads and inertia’

"loads. acting on: the wing structure shall be_E{stributed_and applied
in a manner closely approximating the actual distribution in flight,

4 05.218 Balancing loads. .The balancing loads referred to in -
8 05,212 shall be computed by a rational method or by a suitable
arbitrarw'methpd which is considered satisfactory by the futhority.

 05.22' Confrolzsurface'loads}

- 054220 General, In addition to the flight loads specified in
8 05.21, the primary structure shall mcet the requirements herein-
after specified to account for the loads acting on the control sur-.
faces. The i‘dllowi,rx_g loading conditions include the application
of balancing loads (8B :
cal flight conditions and also cover the-possibility of loading the
control surfaces in operating the glider and by cncountering gusts. -
A miniyum 1imit factor of safety of 1.0 and a minimum ultimate factor
of safety of 1.5 shall be used unless otherwise specified. See.also
8 05,27 for multiplying factors of safety required in .certain cases.

05.221 Horizontal tail surfaces.

05.2210 Balancing, The limit load acting on the horizontal
tail surfaces shall not be loss than the maximum balancing load
obtained from the loading conditions specified in B 05.213" (See
also 8 05.,218). The load shall be distributed in accordancc with
- Figure 05-1. - - B o ‘ |

05.218 and 05,122) derived from the symetri-

- FIG. 05-1 "BALAWCING" AND "DAYPING" TAIL LOAD DISTRIBUTION
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PART 05 ,~Z0LIDER ATRRORTHINESS |

05.2211 Mancuvering (horizontal surfaces). The minimum average
1imit pressure specified in Figure 05-2 shall be applied in cither
dircetion and distributed in accordancc with Figure 05-3. '

Movable Surface

FIG. 05-5 VMANEUVERTNG" TAIL LOAD DISTRIBUTION

L

05.2212 Damping (horizontal surfaccs). The total limit load
acting on the fixed surface -(stabilizer) in.the mancuvering con-

. dition (B 05.2211) shall be applied in accordance with load dis-
tribution of Figurc 05-1, acting in cither dircetion. The load
acting on the movablc surface in-the- mnuuvvring-- condu.tlon may bs .
m.gloctcd in detemining the damplng loads., : :

05.222 Yortical tail surfacese - - -

05,2220 Maneuverigg The minimum average limit limit pressure
specified in Figure 05-4 shall be applied in. e1t.her her. direction and
distributed in accordance with Figure 05-3. ‘

05,2221 ' Dam ve ic-a’-l-~‘surfaces~ « - The: tetal 1imit load
acting on the fixed surface £in) in the maneuvering condition shall
be applied in accordance with the load distribution of Figure 05-1,
acting in egither direction.. The load acting-on-the movable surface
in the maneuvering condition ma,y be neglected in detemmmg the
damping loads. :

Pege 13
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05,2222 Gusts {vertical surfaces). The minimum average limit
pressure shall not be less than that corresponding to a 15 fps,
shdrp~edged gust at the design gliding speed, V,. The gust shall be
agsumed t0 act hormal to the plane of symmetry In- either direction.

. For the purpose of determining the slope of the tail 1ift curve,

- the aspect ratio shall not be taken as less than 2,0. The chord
digstribution shall simulate that for a symmetrical airfoil, except

that the distribution of Figure 05-1 may be used where app;icable.

05,225 - Ailerons.

| 05, 2230 Maneuvering., The minimum average-limit pressuie
- gpecified in Figure 05~5 shall be applied in e1ther dlrpctlon and
distributed in accordance with Flgure 05—6.‘

- p— . .
L“,-J _

—

| o
T
T

FIG. 05-6 AILERON I0AD DISTRIBUTION

-

05,224 Winpg flaps., Wing flaps shall be 1oaded in accordance
with the provisions of 8§ 05.2140. In any case the average limit
pressure shall not be less than 9 psf. and shall be considered
uniformly distributed unless a more rational distribution is used,

Page,lS'
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05.225 - Special devices. Special rulings shall be obtained
from the Authority in comnection with the design and analysis of
surfaces equipped with tabs, wing-slot structures, spoilers, un-
conventional ailerons, auxiliary airfeils and similar devices,
Requests for special rulings shall be accompanied by suitable draw-
ings or gketches of the structure in question, together with general
inférmation and an outline of the method by which it is proposed to-
determine the structurzl 1oading conditlcns.

05 23 Control system loads.

05,230 General. All control systems shall be designed for at
least the L limit forces hereinafter specificzd, unless a more rational
method acceptable‘to the Authority is used. Unless otherwise specified,
a minimum limit factor of safety of 1.0 and a minimum ultimate factor
of safety of 1,5 shall be used, Sec also B 05.27 for multiplying
factors of safcty required in certain cascs, Sze also 8 05.342 for
oparation requiremsnts for control systems. o

‘ 05,2300 . The forces in the control system members, cables or push
rods operating the movable surfaces shall be computed and their effect
on the rest of the structure shall be 1nvcstigated and allowod for in
the de31gn of such structuro.

. 05,231 Elevator systems. In applying 8 05.230, a control force
-of 150 pounds: shall be assumed to act in'a fore-and-aft direction and
shall be applied at the grip of the control stick, or shall be equally .
divided between two dlametrlcally opp031te p01nts on the rim of the
control wheel,

. 05,232 Rudder systems. In applying 8 05.230 a control force of
150 pounds shall be assumed to act in a difection which will produce
the greatest load in the control system and shall be applied at the
point of contact of the pilot's foot with the control pedal, 4s a
separate condition, two forces of 200 pounds magnitude shall be
assumed to act simultaneocusly at both points of “contact of. the pilot'
feet with control pedal.

05,235 Aileron systems. In anply1ng 8 05,230, it shall be
assumed that the ailerons are loaded in opposite directions. A control
force of 60 pounds shall be assumed ta act in a lateral direction at
the grip of the control stick, or shall be assumed to act as part of &
couple equal to the speclfled force multiplied by the diameter of the
control wheel. Suitable assumptions shall be made as to the distri-
bution of the control force between the airorons.
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05.234 Flap and auxilisry control systems. In applying
8§ os. 230, suitable minimum manual ferces shall be assumeéd to act on
flap control systems and other similar controls.

05.235 Towing and lauching rclease mechanism control systmms.
In applying 8§ 05.230, a control force of 75 pounds shall be assumed
to act in a sﬁitable directlor and shall be applied at the grip of
the control handle or lever,

05, 24 Ground loads.

05, 240 General. The follow1ng conditions represent the minimum
amount of investigation required for conventional landing gear. For
unconventional types; ‘it may be necessary to investigate other landing
attitudes, depending on the arrangement and design of the landing gear:
members. Consideration will be given to a reduction of the specified
limit load factors when it ean be vproved that the shock absorbing
syst,m will positively limit the acceleration factor to a definite -
lower valuc, - A minimum limit factor of safety of 1.0 and 2 minimum
ultimate factor of safetw'of 1.5 shall be used, unlcss otherwise
specified, See aldo 8 05.27 (especially 8 os. 279) for multlplying
factors of safety required in certain cases,

05, 241 Level landing. The gllder shall be assumed to make
contact with the ground while in a level attitude. The basic vertical
component shall be equal to the gross weight of the glider. The fol-
lowing additional assumptions shall be made:

(a)_For wheel type landing gears, the minimum vertical limit
load factor shall be 4.0. The resultant ground reaction shall pa: pass
through the center of the axle, and shall te obtained by combining the
vertical component with a rearward acting horizontal comoonent equal
to one—quarter of the. vertical component. .

(b) For skid type landing gears, the minimum vertical llmit load
factor shall be 5.0. The resultant ground reaction shall pass through
the center of the skid's contact area, and shall be obtained by com-
bining the vertical component with a rearward acting horizontal com-
ponent equal to one-half of the vertical component,

05,242 ° Level landing with side load. As a separate condition,
a limit side load equal to 0.167 times the limit vertical component
- (see B 05.241) shall be assumed to act at the center of the contact
arca of the tire or skid, together with the loads specified in
8 05.241. The side load shail be assumed to act in either direction
nomal to t.he plane of syxmetry. .

05.243 Noge-down landing. ~For this 1anding condition, the fol-
lowing assumptions shall be made: =~

(2) For wheel type landing gears, the glider shall be assumed
to make contact on the nose skid and wheel. The minimum limit re-
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resultant inertia force shall act at the center of gravity of the
glider, shall be equal to 4,0 times the weight, and shall aet forward
and downward at an angle 14° with vertical. 7The direction of the..
‘ground reactions at the contact points shall be opposite to the
‘resultant inertia force.

(b) -For skid type landing gears, the glider shall be ‘assumed to
be nosed dosn 159 The minimum limit, vertical component of the
ground reaction sh&ﬂ be equal to 5.0 times the weight. The resultant
ground reaction shall pass through the most forward point suitable
for the application of oblique loads, and shall be obtained by com- -
bining the vertical component with a hori. .ntal component equal to
“one-half of the vertical component. : -

‘ 05,244 Head-on landing, The forward portion of the fuselage
shall be capable of resisting an ultimate load of 4,0 times the
gross weight of the glider acting aft through the foremost point(s)
suitable for the. application of such a load. Partial failure of the
structure under these conditions is permissible, provided that the
specified ultimate load can be resisted without enda.ngering the .
occupants, assuming safety belts t.o be fastened. L Dol s

' 05,245 Wing tip landing. Suitable provisions shall b'e'ma'do to
provide adequate structure to resist loads encountered 1n wing tip
' 1andings (rotating landings). _ _ _ :

05.25 Launching and towing loads.

05.250 Genera.!-.. The followirg requirements do not apply t.o ‘the
entire glider structure, but have particular reference to the towing
and launching, and holding fittings (a.nd/or mechanisms) and the
- structures t¢ which they are attached. These requirements are some—

what ‘arbitrary in nature and will be suitably revised when satisfactory
test résults are available. A minimum limit factor of safety of 1.0
. and a minimum ultimate factor of safety - of 1.5 shall be used, unless
otherwisc specified. See also 8 05.27 for multiplying factors of
safety required in certain cases, _

05.251 & 1imit load of 1200 pounds or 3.0 times the gross weight

- whichever is great\.r, shall be assumed to act in the following separate

cases:

(a) Forward at the towing and launching fitting (or mechanism),

and aft at the rear holding fitting. .

: (b) At the towing and launching fitting, and directed forward
and upward at an angle of 30° with the longitudinal axis, .

, (c) At the towing and launching fitting, and directed forward
and downward at an angle of 75° with the longitudinal axis. _.

(d) At the towing and launching fitting, and directed forward
and 31deward at an angle of 30° with the longitudinal axis.

Page 20



PART 05,—GLIDER AIRWORTHINESS

05,252 Unless the strength 'of the wing in resisting rearward:
acting chord loads is equal to or greater than the strength against
forward acting chord loads, suitable provisions shall be made to pro-
vide adeguate strength of wing drag trusses to resist chord inertia
loads develooed in shock chord and winch 1=unches.

05,26 Speclal loading conditions.

05,280  Pilot and passenger loads., Pilot and passenger loads
_in the accelerated flight conditions shall be computed for a standard
passenger “Weight of 170 pounds and a minimum ultimate factor of .
safety of 1,50 shall be used, except that seats need_not be de31ened
for the reduced weight gust conditions specified in 8 05.2160. This
" shall not exempt the primary structure from such gust conditions.

...08,281  Structires to:which safety belts are attached shall be
capable of withstandingz an ultimate léad of 1,000 pounds per person
applied through: the safety belt and directed upward and forward at

an angle of 45 dcgrees wmth the lonpitudinal axis,

.. 05,262 Local loads. The primary structure shall be designed

to withstand local loads caused by‘dead weights and control loads.
Baggage and ballast :compartments shall be designed to withstand loads
corresponding to the maximum authorized capacity. The investigation
of dead weight loads shell include reduced weight gust conditions to
insure that the most severe combinations have bncn investigated. . See
§ 05.90° for standard’ welghts, o

05 27 Multlplxing factors of safetx.

05.270 General. In‘addltion té the minimum factors of safety
specified for each loading condition, the multiplying factors speci-
fied .in Table 05-3 and the following paragraphs shall be incorporated
in the structurs. The total factor of safety rcequired for any struc-
tural component or part equails the minimum factor of safety specified
for the loading condition in question multiplied By the factors of
safety hercinafter specified, -except that certain multiplying factors -
may be included in othcrs, as indicated in Table 05-3.

05.271 Flttlng_. All fittings in the primary s tructure shall
incorporate the multiplying factor of safety specified in Table 05-3.
For this purpose, fittings are defined as parts used to conncet one .
primery member to another and shall include the bearing of those
- parts on the nembers thus commected. Continuous joints in metal
vlating and welded joints between primary structural umbGrS are not
classified. as flttings. (Sen also § 05. 4)

- 05,272 Gastl Ngs. All castings used in the'prlmary structure
shall incorporate a multiplying factor of safety not loss than
. specified in Table 05-3,
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05.273 Parallel double wires.

05. 274 Wircs -at

1 ang

When parallel double wires are .

uged in ‘wing ‘1ift trusses, each wire shall incorporate a multiolying
factor of safcty not less than that specified in Table 05-3. ,

. “Wire or tie—rod members of wing e
or tail surface external bracing shall inoorporate a multiplying factor'

K= L/2R (except that K shall not be less than 1 0), where E
X = the additional factor, e

‘R = the reaction resisted by'the wire in a direction normal

tothe wing or tail surface plane, and’

L - thc load required in the wire to balance thc reaction R.

TABLE 05-5.-- Additlonal (multip;x;gg) Factors of Sarctz (See E 05, 27)

=
I | - Refer- | Additional | Addational Haiegeby
: .. ence - |- - Yield Ultimate ' | Cove
: ?onnonentr .Partqn;<Factcr;of= Factor or » Itam No.
y Ll
{1 | Fittings (except control o271 None ‘1,20 2,4,5,68,7
system fittings) - . 8,9.
2 | Castings . 272 | Nome. .|  R.00. .} 7,8
3 } Parallel double wires in -.275 1. None 1.05 4
1 {wing 1ift truss - 1 e T el
4 | Wires at small angles | = ,274 . None- .. | See Ref. —_—
'5 | Double drag truss wires «R75: None = | See Ref. - i
6 | Torque tubes used as +R76 |- - None o leb ——
hinges ' R S =
7 | Control. surface- hinges(l) 277 | . None 6,67 L —
8 | Control system joints (1).| .277 .{ -None | 3,33 . | e
9 | Wire sizes +R78 .1 None - | See Ref. | = ===
0 | Wiing 1ift truss (when af- | - .279 None. 1.20
fected by landing loads) = : =

(1) For béaring;strccsea'only;_:'

05,275 Donb1é draa”traaséa;

Whenever double drag trussing is . -

employed, all drag wires shall incorporate a multiplying factor of
- safety varying linearly from 5.0 whcn thc ratio of ovcrhang to root
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‘chord of overhang is 2.0 or greater, to 1.20 when such ratic is 1.0
or less, assuming an equal division of drag load botween the two
systems, - o | '. |
05,276 Torque tubes uscd as hinges. When steel torque tubes

are amployed in direct bearing against strap-type hinges they -shall -

incorporate a multiplying factor of safety at the hgnge point not
1éss than that specified in Teblo 05-3. (Sec also B 05.4)

05,277 - con£m1 surface hinge‘s‘anc’l control system joints. Con-
- trol surface hinges and control system joints subjected to angular

motion, cxcepting ball and roller bearings and AN standard parts

used in cable control systcms, shall incorporatc multiplying factors

of safoty not less than those specified in Table 05-3, with respect
to the ultimate bearing strength of the softest material used &s a
bearing. For ball or roller bearings & yield factor of safety of

1.0 with respect to the manufacturer's non-Brinell rating is con- °

sidered sufficient to provide an adequate ultimate factor of safety. ’

05,278 Wire'sizes. (See § 05.4).
| 05.279 Wing 1ift trusses, Wen landing loads are carried
‘through a portion of the 1ift trues, the 1ift truss members so

affected shall incorporate a multiplying factor of safety not’ less"
than that specified in Teble 05-3. ¥ |

coed
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05.5 Proof of structure.

05,30 - General. Proof of compliance with the loading require—
ments outlined in B 05,2 shall be made in a manner satisfactory to
the Authority and may consist of structural analyses, load tests,
flight tests, references to previously approved structures, or com-
binations of the above, Any condition which can be shown to bo o

non-critioal need not be further investigated.

05,31 ' Determination of 1oadings. The determination of. spar
running .loads, weight distribution, etc., shall be made by methods
-contained-in the -Manual 05 or their equivalent. ‘

05,52 Struotural analvses._ Structural analyses will be
accepted as complete proof of strength only in the cdse of structural
arrangements for which experience has shown such analyses to be reli-
&ble.  References shall be given for all methods of analysis, formu-
las, theories, and material properties which are not generally ac-
_cepted as standard. The acceptability of a ‘structurel analysis will
depend to somc extent on the indicatcd excess atrength incorporated
in the structure.

05.320 General. The atrﬁctural analysis shall be based on the
guarantced minimm “mechanical properties of the materials specified
on the drawings, except in cases where exact mechanical properties
‘of the materials used are detcrmined. The effocts of welding,
‘brazing, form factors, stress concentrations, discontinuities, cut-
outs, bolt holes, instability, redundancies, secondary bending, joint
slippage of wood beams, rigging, end fixity of columns, cccentricities,
air loads ¢n struts, and vibration shall be properly accounted for
- when such factors are present to such an extent as to 1nfluence the
- strength of the structure.

05.33 Combined structural analysis and tests. In certain cases
it will be satisfactory to combine structural analysis procedure with
the results of load tests of portions of the structure not subjected
to accurate analysis. (See 8 05.341)

' 05.34 load tests. Proof of compliance with structural loading
requirements by by means ; of load g sts only is acceptable provided that .
‘gtrength and proof tests (se g 05,120 and 05.121) are conducted to
demonstratc compliance mth 8 05.200 and 05,201, respectively, and
further provided that the following sub-paragraphs are complied with.

' 05,340 If load tests do not prove compliance with multiplying
factor of safoty requirements, the tests shall be supplemented by
speeial tests or analyses to orove compliance with such requirements.
(See 8 05, 27).
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05.541 'When a unit other than the specific one tested is in-

. corporated. rated in the glider presented for certification, the results
of strength tests shall be reduced to correspond to the minimum
guaranteed mechanical properties of the materials specified on the
drawings, unless test loads are carried at least 15 per cent beyond

‘ the required values. ‘ _ _ :

05,342 Load tests regulred The following'load tests are _
required in all cases: _ o

(a) Strength tests of wing ribs. The strength of ribs shall
be proved by tests to at least 125 per cent of the ultimate loads
for the most severe loading conditions,

(b) Proof tests (seeng 05.121) of tail and control surfaces
~are required to prove compliance with the yield load requirements,

" {¢) Proof and operating tests of control systems:s Proof tests
arg required to prove compliance with the yield load requirements.
Operation tests are required to prove that control systems will
operate properly when so loaded as_to correspond to one-half the
limit contreol forces specified in 8 05.23 for the degign of the
systems.

(d) Proof and operating tests of launching and towing release
mechanisms, Proof tests are required to prove compliance with the
yield load requirements, Operation tests are reguired to prove
that release mechanisms will function properly when so loaded as to
‘correspond to one-half the limit forces specified in B 05,251 for
the design of the mechanismd, except that the force sgecified in

805 251%n) can be neglected for Class III gliders. This section
doecs not apply to Yopen-hook type" launching fittings used solely
for shock chord launching.

05,343 The determination of test loads, the apparatus used,
and the methods of conducting the tests shall be satisfactory to
- the Authority. The tests shall be corducted in the presente of a
representative of the Authority, unless otherwisg directed by the
Authority. ' ,

05, 544 Flight load tests. Proof of strength by means of-
flight load tests will not be accepted unless the necessity therefor
is cstablished and the test methods are proved suitable to tho satis-
faction of the Authority.

05,35 Vibration tests. In cases involving exceptionally high
design spoeda or design featurss which may be conducive to flutter,
tests may be required, at the discretion of the Authority, to
determine the natural frequencies of wings, tall surfeces, and control
aurfaces.
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.

05.4 Design details, products, materisls,. construction, and
workmanshib., The primary structure (8 05,125) shall not incorporate
design details which experience has shown to be unreliable or other-
wise unsatisfactory. The suitability of all design details shall
be established to the satisfaction of the Authority. Froducts, such
as bolts, pins, screws, tie-rods, wires, wire terminals, etc., used
in the primary structure shall be of a type and size considered
satisfactory by the Authority. ‘The primary structure shall be made.
from materials which experience or conclusive tests have proved to
be uniform in quality and strength and to be otherwise suitable for
glider construction, The methods of fabrication employed in con~
structing the primary structure shall be such as to produce a
uniformly sound structure which shall also be reliable with respect
to maintenance of the original strength under reasonable service
conditions, The workmanship of the primary structure shall be of
sufficiently high grade to insure proper continued functioning of -

all parts. -
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Eui @ nt .

05,50  Geperal. The equipment required will be dependent upon
‘the type of operation for which certification is sought. The require-

- mentd specified herein (8 05.5) shall be basic equipment requirements. . -

Additional equipment may be required for special cases as lpecified .
in other ssctions of the: Civil Alr Ragulatiom.

05,500 500 Bach item of equipment speciﬂed in the c.wu Afr Regula—
'bions shall be of a type and design satisfactory to tho Authority, -
~ shall be properly inatalled, and shall function to the satisfaction
of thé Authority. Items of equipment for which certification is
required shall have been certificated in accordance with tho pro-
risiom of Part 15 or previous regulations. ‘

Q; glid All glidors shall have at least the follow- -
ing equipmnt- _
(a) Ox;e airspeed indicator. (See 805 5200 for inst.ana'bton re-
quirements),
~ (b) Certified sai'et.y bolts for al]. paasengars ‘and membere of the
crew. (Sae Part 15 for belt requlranents and B 05 5210 for installa—-
tion requirements.) - R
(c; A log-book. : ) ' '
~ (4) Rigging instructions, in the case of gliders with mre-braced‘ :

wings, either in the form of ‘a sketch or listed data; which shall in-

clude sufficient information to facilitate proper rigging. '
‘Note: Items {(e) and (d) nced not be carried in the gliders.

05 §10 Instrument day. ﬂﬁgg Gliders certified for blind ﬂy—-

tng dnring daylight hours shall have the equipment spczcif:.ed in
05.51 and, in addition, there shall be installed:

sa) One vertical spoed indicator.

h) One altithr. ’ .

{(¢) One turn and bank indicator. : '

(d) Ong magnetic COmpass. (See 8 05.5201 for installation re-
quiremnte.)

05,511 Visual-contaot night flying, — Gliders used for visual~
centact night flying shall have the equipment specified in 8 05,51
‘and, in addition, there shall be installcds
| (a) A set of certificated standard fomrd position lights ‘in -
combination with a certificated tail light. {Sce Part 15 fer light
requirements and B 05,5224 for installation requirenents.)

- {b) An instrument light, unless all of the required instrumen‘l_:-s
can be easily road in the dark, (See 05, 5225 for installation
requiremonts. ) S

ic) 4 battery suitable as a source of gnergy supply for such
items of equipment as are installed. (See B 05.5221 for installa-
ict requirements,) |
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(d) A set of spare fuses. (See & 05,5222 for installation re~
: quirements ) ‘

05, 52 Installation reguirements. The following regulations
apply-to the installation of specific items of equipment.

05.520 Instruments. The following regulations shall apply to
the installation of instruments when euoh instruments are required
by these -‘regulations. -

05, 5200 Airsgeed 1ndicator. ‘This instrument shall be so in-.
stalled as to indicate true airspeed &t sea level with the maximum -
practicable accuracy, but in no event shall. the instrument error be
more than plus or minus 5 miles per hour at speeds between the auto-
winch tow placard speed and the maximum certified speed. (See
8 os, 752) . , |

_ 05,520 l Maggetic comgass._ This instrument shall be prtperly ‘
damped and compensated, and shall be located where it i% not serious-
1y affected by electrical disturbances and magnetic influenoas.

‘ 05 5202 Nav1gation instruments. Navigation instruments for
use by the pilot shall be so installed as to be easily visible -to
him with the minimum. praoticable deviation from his normal p051tion
and line of vision when he is looking out and forward .along the
flight path. . - o L

‘05, 521 Safoty equinment 1nstallatnon.

05 5210 Safetv belts. Safety belts shall be so attached that :
no gart of the attachmont will fail at & load. lower than that specified .
in 8 05,261, _ : :

05.522 Electrical squipment installati_og.

05.5220 Qeneral. Electrical equipment shall be installed in
accordance with aceepted practice and shall be suitably protected from
detrimeatal substances. Adequate clearance shall be provided between
moving parts and wiring carrying appreciable current.

v

05,5221 - Battery. Batterics shall be easily accessible.. Ad-
‘Jacent parts of the aircraft structure shall be proteccted with a
suitable acid-proof paint if the battery contains acid or other
corrosive substance and is not completely enclosed: If the: ‘battery
is completely enclosed, suitable ventilation shall be provided.’ ATl
" 1liquid (wet) batteries shall be so insfalled that spilled liguid.
will b~ suitably drained or absorbed'Without coming in eenkact with

the giider structure. -
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; 05,5222 Fuses, Fuses shall be 50. located that they can’ rea.dily .
be replaced in fiight. Théy shall break tho current in the eléctrical
‘system at a sufficiently small current flow to. adcquateiy protect all
parts of the circuit.. : _ ‘ :

05 5225 Instment light, The instmnwnt light shall be so in- '
stalled as to provide sufficient illtmination to make all ﬂight
instruments casily readablo.

05,8224 Position lights. Position lights shall be so installed
as to provide the light intensity and ranges of visibility prescribed
in Part 15 for tail lights and for standard forward position lights,

. as the case may be. Forward position lights shall be spaced laterally
as far apart as practicable.,

05,523 Eiscellancous equipment installation.
05.523G Seats. Seats or chairs, even though adjustable, shall

be securely fastened in place, whether or not the safx,ty belt load is
transmitted through the seat. (See B8 05, 260)

QS.G ‘ : M!
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05,7 7 Fliggt charactcristics.

o 05 '70 Flight rgui.rements. Gl:bders shall eomply Wi'bh the fol— S
lomng flight requirements at all weights up to the maximum for which
certification is desired, except that such weight shall not exceed
the gross weight (B 05. 100) -and- under all loading conditions within
the center of gravity range to be certified (8 05,711)., There shall -
be no flight characteristics which, in the opinion of- the Authority,
render the glider una‘irworthy.

o 05.'700 Contmllabilit and man uverab.tli . All gliders shall
be controllable and maneuverable at all flying speeds inoluding the
minimum £f1ying speed and the maximum certified speed. in free flight
and for such launching and towing methods for which they are.to be.

certifioated. _

§,70 E& 8. All gliders shall be 1ongitudinally, Mterally
end di.reetionally bala.nceable at a normal operating speed. -

05, '?02 Stabi litx. Class I gliders ehell be statically and
dynamically gtable about all three axes under 8ll normal operating
conditions, Class II and III gliders shall be at least statically
stable about all three axes under all normal operating oonditione._

05.'?05 Spimning. Class I gliders shall be_able to recover
from & 3-turn "cross control” or "ailéron-in" spin in no more than
one additional turn., During the spin the control surfaces shall
 exert no back pressure on the control column, All gliders showing
an undue tendency to spin will be considered unairworthy.

05,704 Flutter and vibration. All gliders shall be free from
flester and objectionable vibration in all normal attitudes or
conditions of flight between the minimum flying speed and the maxi-
vgnugsir';ld%c)zated airspeed attained in official flight tests (see

05,705 Ground charaoteristice. A1l gliders sha.ll be free
from dangerous ground handling characteristice.

0571 Flight 'bests. '

: 05, '?10 ‘Genersal, Compliance with the foregoing flight require—~
ments shall be demonstrated by means of suitable flight testa of the
type glider,

05,7100 The applicant ehall provide a pereon holding an
appropriate airman certificate to make the flight tests, tut a
designated inspector of the Authority may pilot the glider during
such parte of the.tests s he may deem advisable.
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05,7101 Parachutes sha;l be worn by msmbers of the crew during
‘the flight tests when deemed necessary by the inspector.

05, 7102 The applicant shall submlt to the. 1nspector of the
Authority a report covering all computations and tests required in
connection with calibration of flight instruments. The ingpector
will conduct any tests which appear to him to be necessary in:order
to check-the calibratlon report or to determine the airworthineas
of the glider, , o ol

08,711 Loadlgg_condltlons. The 1oading condltlons used ln
flight tests shail be sych as to cover & normally expected range.
of loads and center of gravity positions, and will be those_fpr‘
which the glidar will be certlficatedr ' Can e

“5 7110 Ballast. Permanent ballast may be usea to enable
gliders to comply'w1th performance requirements as to 10ngitudina¢
stabilxty and balance, provided that the place or places for: ..
carrying such ballast is (are) properly designed and installed and
~ plainly narked “Do Not Remove', e

05,718 Haximnm airspeed, The fllght tests shall ineclude
steady flight at the design gliding speed (V,) for which compliance
with the structural loading requirements (B 55 R1) has been proved,:
excopt that the speed need not exceed the velue of Vj sp901fied
in Table 05-2, When high-}ift devices having noq~au%cmat*c opers-
tion are crployed, the tests shall also include steady flight at the
design Tlap speed Ve (B 05.110), except that they need not. involve
#psads in excess of 1.67Vge (5ee § 05,109}, In cases where the

nigh-1ift devices are automaticdily operated, the tests shall cover
the range of spends within which the devices are opnratmvc. oo

05.71% Airspeed indicator callbration, In ac cordance with
8 05,5200, the airspeed indicator of ths type glider shall be
08¢~brated in flight, unless the instrument is satisfactorily cali~
brated by other means and properly located on the glider. The |
method of calibration used shall be subject o the apnroval of the
éuxﬂgvitv.

05, ?3 Operatﬁon 11m1tat10nse

05,730 Center of gw_yltg;_;mitations. The maximum variation
in the location of the center of gravity for which the glider is
csrtificated to be airworthy shall be established., Means shall be
provided, when necessary .in the opinion of ths Authority, by'which
the operator ig suitably informed of the permissible loasding oon
ditions wnzch result in a center of gravity‘w1th1n the carflf‘aw

TATRs
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05,731 Towing limitations. Class III gliders (5 05,01) and
other gliders which are not airecraft towed during official flight
tests shall not be aircraft towed. Means shall be provided to so
infonm‘the operating oersonnel. ' h

05,732 Air sgged 1imitations. The maximum certified air. - .
- speed shall be limited to a value of et least 10 per cent less
than either the design gliding speed Vg or the meximum value'.
attained in the official flight tests, whichever is lower (aee

8 05.712). The maximm certified auto-winch tow speed shall be’
limited to a value of at least 5 mph less than either the design
auto-winch tow ppeed Vigyor ths meximum value attained in the -
official flight tests, whichever is lower. The maximum certified
aireraft tow speed shall be limited o & value of at least 10% °
loss than either the design gliding speed, Vg, or the maximum
speed attained in the offieial flight tests, whichever is lower.
The maximum certified speed for the operation of high-1lift devices
shall be limited to 5 mph less than either the design flap speed
V¢ or the mamimum value attained in the official flight tests,
whichever is lower. Means shall be provided to effect such limite-
tions or to inform the operating personnel thereof.

05,735 Fllggt 1;mgtations. Class III gliders (8 os, Ol) and
others which have not complied with 8 05,2134 shall not be flown
inverted, Class I and II gliders which are not equipped as specified
in 8 05,510 and Class III gliders shall not be used for any type of
operation other than visual-contact day flying. Means .shall be pro-.
vided to inform the operating personnel of these limitations.

05.8 '§Unassigged).

05 8 Miscellaneous requirements.

05,80 Standard weights. In computing weights the following
standard values shall be used:

Crew and passSengers s.sssseesesse 170 1bs. per person,
unless otherwise specified by the Authority.

Parachutes Weesessessssrsrsssses &) 1bs, each,

Water oowcooo--n-oo-.-ooaoo---o- 8 5 lbs. per gallon.

- 05,91 leveling means. Adequate means shall be provided for
easily det deiermlnlng when the airoraft is ina level position.
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|05 GLIDER ATRWORTHINESS

QENERAL

' DEVIATIONS

If the applicant for an airworthineas rating can show that

thé glider is unconventional with respect to any specific re-.

quirement or that the objective of the requirement has baen

- attained, deviationa from the letter of the requiremsnt may be
. -pemitted. :

cmSSIFIOATION OF GLIDERS
Tt should be noted that the choice of the glider clasai-

‘ficatdion rests to a large extent with the designer; e.g., &

utility type glider may be certified under any of the three
classifications (ses CiR Table 05-1). All primery training
type gliders must, however, be certified in either Class II or
Class III, while high performance type gliders must be cer~
tified in either Class I or II. (See CAAM 05,R11), In genersl, -

‘the various glider types will be conaidered to be defined as

rollm $

8, Primary (Training). A low perfomnee glider du:l.gmd
‘for use in the primary training of student glider
pilots, The fuselage of this type ususlly consists of

- & single truss, leaving the pilot entirely exposed ‘ao
. the air stream. :

"be Utility (or Secondary), 4 medium performance glider
designed for general purposss. An enclosed primary

-, training glider is not considered as a utility glider.

. 0. Intermediéte. A moderately high performance glider
‘xsigmd for advanced training and general sport fly-
e

d. High Performance. A high performance or advanced type
of glider especially designed for the maximun performe
ance within a selected range of conditions, .

Vhen there is any doubt as to the classification of a partioular
ider, the designer should submit the basic flight enveleope
see CAR 05,2180}, together with the thres-view drawing, to the

 Authority during the initial stages of the design of the glider
-~ in quut.icn, 80 that a deﬁnite ruling oan be obuinod. -

NOTE: Since the Authority interprets blind or cloud flying as
an acrobatic maneuver (see CAR 60.152), it is required that each
person in @ glider ‘engaged in such type of flying be properly

W01
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- equipped with a parachute manufactured under a valid type
" ecertificate and maintained in accordance with the ‘provisions

of the Civil Air Regulations (see CAR 60.72). It is recom-
mended, therefore, that provisions for parachutes be pro-
vided in Class 1 gllderso

TECHN;CAH DATA REQUIRED “ |
A technlcal data file for each model glider for which

an airworthiness rating is desired is necessary, However,
reference can be made to previously submitted data for a

" similar modsl. Form AC-01-9 (Application for Tyne Gertificate)
-‘ghould refer to one model only.. Form AC-01-19 (4pplication

for Production Certificate) should refer to all models in-

.volved. When more than one model is covered by the technical

data submitted, separate applications for type certificate

should be executed and fbrwarded for each. model.

SUBMISQION r"O BRA”CH OFFICE

" When deallng with Branch Offices of the Authorlty, par-
ticular care should be taken to submit the applications,
correspondence and three~view drawings 1lsted in CAR 05 in
duplicate. S

DATA REQUIRED FOR AIRWORTPINESS CERTIFICATE ONBY ‘

1. General. When an alrworthiness certificate only is deeired
the data required are dependent on the particular problems inp
volved in the design concerned. As specified in CAR 01.22,

. “there are two kinds of airworthiness certificates which are
~-¢lassified by the symbols C and R. It will be rioted in OAR OR

that the symbol C classifies a glider as complying fully with
the: airworthiness. requirements of CAR Ol and CAR 05, whereas
the symbol R classifies the glider as complv1ng in all but some

~ limited respects with these requirements. The data required as

a basis for the issuance of a glider airworthiness certificate,
specifying either the C or R classification; are substantially
the same. .In fact, the process of demonsirating that the de-
ficiencies of R classification gliders can be and are comnensated
for by suitable operation limitations (see 4 below) will usually
entail .a special study, by the applicant, of design data which
have been previously approved and used as a basis for the issuance -
of an airwcrthlness certificate specifying C classzficatlon.

e G~ Glassiflcatxon. An airworthiness rating, undeér the terms
of thgs paragraph may be obtained for a single glider (see 3
below), - ‘

Re
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3. Single Glider. In addition to the application and ‘three-
vieur drawing, the following data and 1nfomahion are needed-

- &, A complete explanation of the current status of tnc
model glider involved.
. be The data specified in CAR 05. 051. The applicant
for approval is.free to develop and present any
- means he chooses for showing compliance with the
specified requirements. Reports on satisfactory
- "strength" tests may be substituted for structural -
analyses. (See CAR 05.120 and CAAM 05.34.)
Structural components which have undergone "strength"
.. tests can not be incorporated in the glider structure
" . unless satisfactory evidence is submitted to prove .
that the structure was not damaged in the test.

4. R - Clasgification. The necessary data and infomation

1isted uhder 3 above should also be submitted by an applicant

desiring an approval under R classification. The extent of

~ the additional data required as a basis for issuance of an
airworthiness certificate which specifies, as exmlained in
CAR 02,111(b), the use,; or uses for which a glider bearing
the letter R is deemed airworthy, depends largely upon the
nature and extent of the deficiencies which exist. Since it
is practically impossible to anticipate, in this publicatien,
Just what deficiencies may be discovered by the applicant

in each case, no specific references to necessary additional
: data can be“mde. .

5, It should be noted that there arc possibly many deficien—
cies which cannot be compensated for by operation limitations.

In such ¢»ses. the glidﬂr camnot be made eligible for R classi=

fication unlea.a revisid to eliminate such deficiencies, For
example, in the following cases the deficiency cited. cannot
be compenaatcd :L"or by Operation limitations: _

e Dci‘iciency in strength with respect to minimum
‘maneuvering load factors, . : _
b. Unsatiafaetozy i'light characteristics. :

'8 For a single glider, a complete set of shop drawings,

- such as is generally supplied by manufacturers seeking type':‘ '
_,_cerbii‘icates, is urmecessary. Drawings for a single glider
. are required by the Authority for the following purposes:

a. To explain the datails of design and construction,

and methods of fabrication with sufficient zccuracy
%0 show whether any unairworthy features exist_._ :
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b. To give sufficient dimensions ana ....erial specifi-
cations so that the structural report (see CAAM 05,032
(g)) can be readily checked by the Authority.

c. To enable & representative of the Authority to verify
by inspection that the glider has actually been con-
structed in accordance with the d681gn under consider-

ation,

Keeping the above in mind, many satisfactory short cuts and |
simplifications are possible. In certain cases, line draw-
ings of structural assemblies are satisfactory, provided that
they are accompanied by notes and/or detailed drawings (prefer-
ably the latter)., Semi-free-hand, dimensioned sketches of
simple parts which closely approximate the correct scale, and
are easily understandable, are acceptable to the Authority.
Some of the accepted practices in aircraft drawings such as
putting each.detail on a separate sheet and making a separate
detail of each part, may be eliminated. Such simplifications
are limited only by the necessity that all information must
be clear and easily accessible., In Fig. .0-1 generally _
acceptable methods are illustrated by a sample fuselage draw-
ing. The items enclosed in the heavy rectangles are typical
omissions, It is recommended that before sutmitting drawings
to the Authority, they be checked by a person who is unfamiliar
with the structural details of the particular glider involved

' 8o that errors or omissions that might pass umnoticed by an .
engineer in close contact with the work, will be caught and
“ractified before the data are sutmitted to the Authority.
Fig. 0-2 illustratcs how one drawing can be dispensed with

* by combining the three-view and final assembly drawings.

05,032 DATA REQUIRED FOR TYPE CERTIFICATE (TC)

. Vhon submitting data in support of applications. for type
certificates covoring projects that may requirs the attention
- of the authority ovor an extended period of time, it is
desirable that a schedule of approximate datcs of submittal
. of data be forwarded at an early datec.

a, Drawings. A seét of drawings should be submitted in
© blueprint form or equivalent. Drawings should be
folded, with the title block out, to a sizc approxi~ .
, matolv 9" x 12" and should contaln at least the
following information.

(1) The manufacturer's designation of the original

modcel to which cach drawing applics.
{2) A1l dimensions essential to the reproduction of
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an identical glider with respect to structural
strangth end dimensions.

(8) A1l dimensions essential for checking the

structural report.

(4) 8pecifications of all materials used in the

(5)

primary structure (eee CAR 05,125), including

 ths guaranteed physiocal properties in the case

of materials the strength properties of whiéh
are developed through manufacturing processes,

. and spacifications of all bblts, nuts, rivets,

and similar standard parts essential to the

_ strength of the primary structure.
Details of the primary structure, seating arrange-

ment, exits, control systems, equipment installa-
tions, and other factors affecting the "ai rworthi-
negs of the glider.

Attention to the following list of frequently

omitted items will be of assistance in expediting

~ approval:

" (a) Complete dimensions, and references to all

standard parts, such as boltd, nuts, and
rivets used in assembling each part.
(b) Adeguate material specifications and bend
‘radil on all shop drawings. .
{¢) location and details of control system
" ‘pullevs and bracketa and of control surface
: H‘bops N
(d) Suitable assembly drawings showing the
. method of assembly and calling out the
detail parts required for all maaor in-
. stallations,
(e) Adequate drawings and descriptions of the
operation of spoiler and flap control
 devices.
(f) Complete structural drawings of all -com-
ponents. . .

. Whenever & drawing previously snbmitted for one
model is alsoc applicable without change to a new

model, an additional copy of the drawing is not

.-raquired. However, as noted below, the drawing

1ist should include a reference to the particular
model glider for which the drawing was originally
submitted, Whenever the mamufacturer's drawing -
numbering system permits, all drawings received

by the Authority are incorporated into a single

conseccutive file., The drawing lists for each -

00"‘"6



CIVIL AERONAUTICS AUTHORITY MANUAL

model will in such cases be filed asparately
according to medel. In this manner duplica—
tion of fileg is avolded.

(6) Revision blocks stating the revision letter,
" the nature of the revision and the date it was
made, The manufacturer should hold available
& current rocord of the glider serial numbers
to which revieions resulting in a modified

' finished primary struétural part apply.

(7) A threc~view drawing of the glider, made to a
designatod scale, spocifying only the external
dimensions of the glider (including dimensions
and arcas of wing and control surfaces),- Sinee
equipment is covered hy a separate list and
eventually appears on the aircraft specification,
it is recommended that items of equipment be
omitted from the three~view drawing. Inasmuch
as the Authority does not certify as to perform-
ance, all references to performance should be
omitted, A sample three-view drawing is shown
in Fig. .0-2 (This drawing. includes final assem-
bly information (see CAAM 05.031-8)).

b, Drawing List. A drawing 1ist should be submitted in

dunlicate, listing in numerical order or by suitable
classification the number and title of each drawing
submitted’ under CAR 05.032{a).The drawing list should
~Include references to all drawings originally sub-

mitted in‘comnection with applications for airworthi-

ness ratings of other models and which apply to the
_ model in question without change, The drawing list

should also indicate, by letter, the 1atest revision
of each drawing.

In the prepardtion of drawing lists it is de-
sirable that the drawings be grouped according to
component, such as Wing Group, Fuselage Group, etc.
Within each group the drawings should be listed in

consecutive order,
' When submitting data for approval of revisions
to an approved file, the pertinent pages of the draw-
ing list should be attached in duplicate. The date
of the latest rovision should be noted on such pages.

The duplicate drawing lists required for each
approved file may take vardous forms, dependent upon
whether the drawings submitted pertain to one or
mora models. Sample lists to demonstrate an accept—
able form for the usual cases involved are shown in
Fig- IO-S :

«0-~7
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CIVIL AERONAUTICS AUTHORITY MANUAL
I, List when only one new model is involved.
MODEL 1 DRAYING LIST

| ' _ I Originally |
Drawing No. i change b Title . Submitted .
a i - | For Model |
L WING GROUP ; ,
22001  f B ' }Frame Assembly, Outer Wing . - 1 i
22002 X Spar Assemtly, Outer Front .

FUSELAGE GROUP

. TPENNAGE GROUP, BTG, ‘
o ! 1

Latest Revision 7/21/38.

II. List when new model has only minor variations from previously approved
'~ basic model (1). .

MODEL 4 DRKIING £IST

' With the exceptlon of the drawings llsted under A and B belomg the
drawlng 1ist of Model P applies also to Model 2. ‘

A. Model 1 Draw1ngs not pertinenc to Model 2.(See arrangemcnt

- under I above),

B. Drawings pertinent to Model 2 Whlch are in addition to
Model 1 list less group A above. (See arrangement under I

above),
ITI. List when new model is a major revision of a prov1ously anproved model
or models,
MODEL 5 DRAWING LIST
o o _ ! Originally '
Drawing No. Change Title + Submitted ‘
— , ‘ WING GROUP i ;
. ’B001 [ -~ Frame Asscmbly, Outer Wing ., 5
. R5002 - Spar Assembly, Outer Front 5
i - 25003 A Fitting, Front Spar, Root | 1 .
Attachment ' .
25004 E Fitting, Front Spar, Strut, ' 2 |
- e LUBPCe i r
| Latest Revlmon %/27/59
K | FIG. .0-3 — SAUPLE DRAVING LISTS

(Ref, CAAM 05.032b)

.0"‘"9



Ce

CIVIL AERONAUTICS AUTHORITY MANUAL

Equipment Ltsts. Lists specifwing the equipment
supplied with each glider should be submitted.
The location, weight, 2nd model designation of

" each item of equipment, including the additional

weight necessary for installanon, should be
specified.
A recommended form for equ:.pment. lists is

- ghown in Fig. .0-4, This list shows a method

of handling items in a simplified form which may
include & number of related models and which .
makes it unnecessary to prepare separa.te lists

‘for each model,

~In the checking of equipment lists by the
Authority, particular attention is paid to =~
ascertain: _

{1) The effects of the equipment installation
~on the aircraft strudture.. The Authority
ascertains that satisfactory analyses and
drawings are submitted for such items as
batteries, radios, flares, etc.

(2) That items for which approval is required

by CAR 05, such as position lights, safety
belts, etc.,- are of an approved type; and

) (3) The effects of the equipment installation

- d.

@

weights on the longltudlnal balance of the
glider. ‘

Pra Preliminary Weipght and Balance: Repor'o. A 'report
should be submitted in which the range of center

o of gravity locations for which rating is sought

is determined versus weight and with respect to
suitable referencé planes or lines. The critical -

CG positions and the weights determined in this
report should be used in the balancing tail load
computations (see CaAM 05.218), If the CG limits
determined during the Type Inspection (see CAR 05.730)
appreciably exceed the design limits, use of the values
determined during the Type Inspection should be sub-

“stantiataed in so far as they affect 'bhe design com—

putations.

Balance Diagram. The preliminary weight and balance
report (see CAAM 05.032d) should include a diagram
showing the location of the centers of gravity of

' the component parts of the glider and its contents,

thé location of a suitable reference chord for the

‘wing system, and the locatioh of the assumed center

_,0-10



CIVIL-AERONAUTICS'AUTHDRITY~yANUAL

- Item
No.
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CIVIL AERONAUTICS AUTHORTTY MANUAL

of pressure.of the horizontal tail. The locations..
of the above itoms should be indicated b reforerice
to suitable horizontal and vertical p]anes or lines,.-

The balanece. diagram should include the fbllowia,_ o

ing:

(1) Outline of the glider (side vicw) : '
. (2) Horizontal and vertical scales. For horizontal
' arms it is preferablethat the datum be chosen
at some definitc and accessible point on the
glider, such as a point at tho lcading edge of
the wing. This facilitates checking in tho & .
ficld. Distances aft: of this point are gencral---‘
1y assumed as positivé and those forward as -
" -negative, For vertical arms the datum may be -
- chosen at soms arbitrary location below tho cx-
‘tended landing gear; % that all distancos are
~up and positive,: o7l
(3) Itcm designations. Tﬁase dosiqnations (usually
members) should corr03pond with the-designation
used in the weight table (CAR 05.032(f)) and;
when possible, with ‘the designations used in .
the equipment list and weight and balance reports.
"~ (4) Itom locations. The wvarious items shonld be shown
' in tho proper location on the outline noted in (1)
above. Such location may be indicated by a small
circle together with the item dcsignation noted
in (3) above., _
(5) Dimensions. Thc following should be glven.
(a) Longth of MaC. ‘
(b) Horizontal distance from datum to thc
_ leading cdge of the MAC,
(c) Vertical distance from the datum to a
~ definite and accessible poznt on tho
‘glider.
A suggested form for the balance diagram, including a
weight table, is shown in Fig. «0=5,

f. Melght Tabla. The praliminary weight and balance _
report (sec CAAM 05,032d) 'should include a table or
1list of the weights of all componznt parts of the
glider and its contents. The weights shown in the
weight table should be brokon down and itcmized so
that they may readily be usced in the structural
reports of the individual components, such as wing,
mselagc, cte. (Sec Fig. .0—5). _

J0-1R"
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Structupal Repart (structuwgl analysis and/or test
reports). - . o o

_ . - I o
General., The structural report referred to in

CAR 05.032(g) 4is a report in which the strength of
the structure is determined with reference to the
Strength requirements specified in CAR 05. The
§.ructural report should include the computations

0" the limit loads required in CAR 05 and should f
demonstrate the ability of the structure to develop
the factors of safety required in CaR 05 with respect
to the limit loads either by suitable analytical
methods (stress analysis) or by reference to authen-
ticated test data (test reports) or by a combination
of both. (See CAR 05.3). The structural report
should also include a1l computations or tests neces-
8ary to prove compliance with the miscellaneous
structursl requirements of CAR 05, '

Although there is no regquirement specifying that
reports submitted to the Authority must be checked
for arithmetical accuraoy prior to tramsmittal, it
should be noted that CiR 05.050 provides for discon-

- tinvance of the examination of reports in the event

‘that they contain errors which render them unsatis-

factory. In order to &void delays in the checking
of data,’it is recommended that all computations be
given an independent check by the manufacturer and
be ‘sigred by both the original computer and the
checken. A preferred form of title page, and of
title block of subsequent pages, of the structural
reports is shown in Fig., .0-6.

(1) Structural Analysis Reports. Computations sub-
-mitted as 3 part of the structural report should
include a table, or tables, including the minimum
margins of safety computed for all structural
members, and should bear the signature(s) of the
responsible enginecr(s). Such tables should in-
c¢lude the name of the member involved {such as
spar), dosign condition, margin of safety, and
_ page number reference. -

(2) Test Reports.. Test roports submitted as-a part
of, or refecrrcd to in, the structural report -
should bear the signaturc of the Authority's
represcntative who witnessed the tests, except
in the case of minor tests, in which casc the
applicant's certification that the report
accurately represents the complete results of the

0-14
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(Sample title page for structural reports)

'NAME OF MANUFACTURER
OLIDER MODEL NO, ___

 REPORT NO. __
TITLE OF REPORT
DOtO o Prepared by
Rovisions checked by
) Approved by
Witnoased by
. ®
Subjoot _________ | | Page
Prepared by _____ | | Modol
S MANUFACTURER _
Dato ' - - .| Report No. a
Chocked by

- “(Sampio title block for roport pages)
REF, CAAM 05.0523-
Fla. .0—8 SAMPLE TITLE PAGE AND TITLE BI.DGK

0-15
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-tests will be accepted, . In the preparation of
such test reports, it is essential that they
contain, a3 a minlmum, the  following information:

(a) Determination of test Joads.(including refer-
ences to pertinent page and- number of stress
analysis report).

Distribution of loads during testi.: TRy e

Description and photographs of test set-up. .

(Detail views are necessary 'in some cases.)

Description of method of testing. .-

Results of tests, including photographs of

-structures found to be eritical,.. ..

(£) Log of deflection data, (Including sketches
to show location of points at which. deflec—
tions werz measured,)

(g) Curves of deflection vs. load for eack such

"~ point to permit determination of any evidence
of permanent set. :

(h) Signature of Authority's repreSentatlve(s)
and manufacturer s englneer(s) who w1tnessed
the test.

(1) Signature of company engineer(s) responsible .

- for iest report.

.
.

o 02

S’ N S N

STRUCTURAL INSPEPTION
In the event that during the englneerlng inspection and

flight tests, modiflcations of .the primary structure are re- -
'quired which may involve repeating certain tests (exclusive

of flight tests) and the preparation of stress analyses and
revised drawings, the manufacturer should contact the Authority
for comments and rulings, sq¢ that the flight tests may be re-

- sumed with a minimum of delay. This may, in certain cases,
' .make it possible for the manufacturer 4o proceed with flight

tests prior to the approval of reports coverlng tests which
have been repeated. : .

~ TYPE INSPECTION AUTHORIZATION

' Before the tnpe 1nspection is" auihorized the following
should be fulfilled: 3 ‘ :

a. Gompletion of examination of fhe structural report

and drawings and correction by the applicant of all
errors and omissions of a serious nature. _
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b, Completion, and acceptance by the Authority,.of all
structural tests required by CAR 05 to prove com-
pliance'with the structural requirements.- :

| ¢, Submisgion of test reports conforming to the require— _
/ ments of CAR 05 342, :

| "ms INSPECTION PROCEDURE

Before conducting any flight tests, the representative
of the Authority will complete a ground inspection to deter-
mine that all items affecting the safety of flight are satisa

‘f_factory.

' ‘a. The statement of coniormlty required by CAR 05. 053(&)

- should be executed upon the form supplied by the
Authority. On this form the mamufacturer's chief
enginger (or other responsible technical representative)
certifies that the gllder sutmitted for type inspection

- has been manufactured in actordance with the latest
technical data submitted to and approved by the Authority
(ineluding all revisions and additions required by the
Authority in commection with authorization of the type ..

. inspection) cxcept for any deviations therefrom, which
are listed and described.

. b. The weight and balance (actual) required by CAR 05.055
= (b) should cover the determination of the woights and
- center of gravity locations for which certification
is desired. The actual welght and balance of the
“glider should be determined in the presonce of the
‘representative of the Authority.-_‘

¢. The applicant's flight test feport required by
-~ CAR 05.053(c) should be a detailed report of the
flight tests of the glider invoived, This report
should be signed by the applicant's test pilot and
should certify that the glider has been flown by him
in all maneuvers required by CAR 05.7 for proof of .
compliance with the flight requirements and fourd to
" ‘conform with such requirements. In order to expedite
checking of this report, it is advisable that the
results of the applicant's flight tests be rccorded
- on & form of the type used by the Authority inspectors
" in commection with the type inspection. - Copies of this.
form may be obtalned from the local engineering in—
spector. '

© 017
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The glider will be subjected to such flight tests
&s are necessary to prove compliance with the flight
and operation requirements specified in CAR 05.7.

If the ground inspection or flight test is discon-

~ tinued because of an unfavorable characteristic or

serious defect, the following procedure should be
followed:

(1)_The inspector will note each unsatisfactory
item upon a form supplied for the pirpose,
with sufficient detail to make it clear to
all concerned.

(2) One copy of such form will be transmitted to
the manufacturer.

(3) The manufacturer should advise the Authority
when the glider, incorporating the necessary
changes, will be available for continuance of
the type inspection,

l (4) The manufacturer should furnish the Authority

05,060 - CHANGE,

with technical data descriptive of all structural:
changes except those of an obviously minor nature.
The type inspection should not be resumed until
such changes have been approwved by-the Authority.

REPAIR OR ALTERATION OF GERTIFICATED GLIDERS,

This matter is covered by CAAM 01.33.

05.061 CHANGES AFFECTING TYPE CERTIFICATE

a,.

be

Drawing Changes. When a revised drawing is submitted
to the Authority and gliders previously constiructed
according to the original drawings are not to be
changed, the manufacturer should keep a record of the
serial numbers of the gliders to which the change
applies Corrected pages of the drawing lists should
be submitted in duplicate for each model to which the
revision appliea., &lternate installations should be
so' designated and properly indicated on the draw1ng
lists,

‘Minor Changes. Minor changes which obviously do not

impair the structural strength or reliability of the
glider nor affect its flying characteristics may be

. approved by authorized inspectors of the Authority.
-Shop drawings showing such changes should be for—

warded to the Authorlty for record purposes.

018
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 DEFINITIONS (INCLUDING STANDARD STMBOLS, VALUES, AND FORMULAS)
DEFINITIONS ADDITIONAL 10 THOSE GIVEN TH GAR OFi.l.

1. Aerodynamic Center, 8.c. The point on the wing chord,

‘expressed ad a fraction of the chord, about which the
_ moment’ coefficient fs substanitially constant for all angles

of attack, . The theoretical location is at 25 per cent of -
the chord., - The actual location may differ from the theo-

‘retical location and may be determined from the slope of the

moment coefflclent curve as outlined in GCAAM 05.1R3-C,

2. Margln of Safety, MS. The margln of safety is the per-
centage or fractior by which ultimate strength of a member
exceeds its u1t1mate load,

a, & llnear margln of safety is one which varies
linearly with the ultimate load

bs A nonlinear margin of safety is one which is based
on stresses which are not prupo;tlcnal to the .
ultimate load. A nonlinear margin of safety is not
a true measure of the excess st;angth of a member.

STANDARD SYMBOLS. .
A~ , B ”Wé'—=pos{£ioﬁﬁof aerodynamic
' center, fraction of chord;
subscrlpt "actual®,
" a.c. -a aerodynamlc center.
B- A . :’b ~-distance between spars,
' fraction of chord; span

of ‘wing. -

¢ - chord feet; coefficlent c - subséfibf, "ghord".

constant-

CP - center bf.préSSufe,
fraction of chord.

'CG - center of gravity.

D - subscrlpt "drag"

e - unit weight, psf.

CWl-1
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F.- force, lbs. TR f - unit stress, osi; front
: A spar location, fractlon of
.chordo subscript, "fuselage'.

fpsl— feet per-aecond

‘f gié'acceleration of gravity
T (=32.2 ft/sec®); subscript,
]_“glldlng“. 5"'

“ h -~ distance measured perpen-—
" dicular to MAC in terms of
- MAC, ‘ _

1= subscript, "induced".

J = position of wing CG, fraction
- of chord; factor of safety.

K m"& general factor,

L subchipt “1ift" or

!llevel“
M- moment, ft. lbs,; m - slope of 1ift curve, ACT/
_ subscripi; "moment'. radian; moment divided by
- : W; subscript, "maximum
vertical'.

NAC - mean aerodynamic mph - miles per hour.
~ chord,

NS - margin of safety. _
N - subseript, "normal n - load in terms of W (net
forece", . . value eqaals accelerat;on
x co o factor)
o - subscrlpt, nzero 1ift", )
"initial", "standard sea
leval“ . T '
="ps£ - pounds per sq are foot.
_ pai - pounda per square 1nchs
q'- dynam e pressure, psie

*Without subecript, n refers to a 1imit load applied normal to the basic
wing reference chord. ‘ -

-2 | r
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R = resultant force or r -~ rear spar 1ooation, rraction
reaction, lbs; aspect of chord. :
ratio; subecript "re- : _

- sultant”, :
8 -~ design wing ared, sq. & - iiﬁg\iee&{ﬁg;ﬁpsf;*?”*tﬁfﬁwl
rt, (See CAR 05.101) eubscript,"stall"
T - tail\load, lbs. _ :t - subecript "tail"

U- gust velocity, fbs. ) u - subscript "ultimate"
' Y ~ glider speed, mph. v - glider speed fvas.=

© W unit pressure, Raf._

_ © w. 3ubseript "win
tOtaie::iﬁgg Oibglide?. W o averagepﬁnit prdssurc, pef.
and ’ . S

_ o R f"__ :1~ .. x - distance measured parallel to
MAC in terms of MAG- subscript*.

' yl- subscript "yield“

a- (alpha) - angle of attack,
adians or degrees.

ﬂ - (beta) - flight path angle,
: . degrees, _

A ~ (delta) - increment.
p - (rho) - mase density of air,
WWith sﬁbecript nxn, n refers to a limit load applied parallel to the
 pasic wing reference chord, (See Fig. .2-11 ).
C  STANDARD vai_,nes AND FORMULAS..
| Alir Densityt |

1. pg = 002578 slugs (ibs/32.2)/cu. ft. (standard sea
-~ level value).-'

Dynamic Preseures-'f
2. q = 1/2p,V%
= ,00119'v§ (where vy is “indicated" sneed, fps.)

a 00256 V¥

)

(where ¥y is "“indicated' sveed,.mph.)
18 :
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‘Basic Glider Paremeters:- .
j 8.0-!/8
hrodynlnie Ooefficienta.
4, Cp « (OL + GD)'\"/2
5. c"-chosc | +'chinc
6s Cp = ~ cL sin G+ Cpoos a (positive reamrd)
7T c“x - c,, (x - cP) (¥here x is tne distanca, from
. _ ~ the leading edge, of the.point.
on the chord about which the

moment is computed, exvressed as
a fract.ion of the chord)

| l'éma, Unit Loadinga, and COuples-

8s Fy = xSq (Wlnuxmy be R, L, D, N,.e, or M)

- S |
10, M = r,‘c (torque or oouple)
“OSac

U, w=Cyq
12 n = FN
- Speedst .

13, V, = 19,76 (2/Cp, nnx)l/2”7 (mph) = indicated stalling

speed

_ indicated. air speed.

= actual air speed. _
standard density of air
at gea level,. _

Pa denait.y of air in which
Vo 13 attained.

14

1/2
Wy = Vy(py/oe)Y/? where v,

Po

-~ 15, ACy, = = (U/v) = change in Cp due:to- gust, -
- 18 An: = 4Gy {q/8) = change in load factor;due to gust.

a4
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05.101

05,105

05,107

05,108

058,123

~ DESIGN GLIDING SPEED, V

CIVIL AZRONAUTICS AUTHORITY MANUAL o

e memy __4 where = glope of the 1ift curve
"6 3+ 67§ m6 when aspect ratio eyuals
m = slope of the lift curve
when aspect ratio equals
R.

GROSS WEIGHT, W. ' ' .

The gross weight should include the weights of all items
of equipment, such &3 instruments, parachutes, radio, etc. in
addition to pilot and passenger weights (see CAR 05.90).

DESIGN WING AREA. _

1. In computing the design wing area the plan form of tapered
or eliptical wings may be represented by a number of trapezdids
closely approximating the actual plan form and having an equiva-
lent ared,

2. The application of CAR 05.101 to several tyvical cases is

INDICATED AIRSPEED, V.

For structural énalysis purposes, all airspeeds are ex-
pressed as "indicated" airspeeds. The "indicated" airspeed is

defined as the speed which would be indicated by a perfect

airspeed indicator; namely, one which would indicate true air-
speed at sea level under standard atmosphere conditions.

DESIGN ATRCRAFT TOW SPEED, Vi

Except in very special cases, the design aircraft tow

speed V,_ will be equal to the design gliding speed V

(CAR 05,108) for Class I and II gliders (see CAR Tablg 05-1).

- (The aircraft towing of Class III is not permitted.)

g‘ L ]
The choice of the design gliding speed Vglshou1d~be

governed by the type and intended use of the glider. Minimum
values are specified in CAR Table 05-R, .

AERODYNAMIC COEFFICIENTS.
GENTRAL.

1., The coefficients are "sbsolute! (non-dimensional) coefficients. -

01"'5
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When applied to an airfoil surface of given érea, they repre—~

. sent the ratio between an actual average unit pressure re-

ferred to the projected area of the airfoil and the dynamic

. pressure corresponding to the flight condition being con-
51d§red. The subseripts denote the direction aleng which the

force is measured, but do not change the basic reference area.

2., The subscripts “IL" and D" refer to directions normal to
and parallel to the relative wind, while the subscripts "N

and "e¢" refer to directions respectively normal to and parallel
tc the basiec wing chord. Subscript "R" refers to the direction
of the resultant force. These factors are illustrated in
Figs. .1-2 and /1~3. When the planes of the drag truss and.
1if% trusses do not coincide respectively with the planes of

~the.basie chord and the plane of the normal forces, a correction

is necessary before the coefficients can be. used directly in
the wing analysis method outlined in CAAN 05.3. The corrected

-coefficients are obtained by resolving the resultant force
‘coefficients into components in the plane of the 1ift truss

and drag truss, as shown in Fig. .1-4, The effect on the chord
coefficient may be considerable, but the correction for Cy
will usually be negligible.

3. The moment coefficient may be considered to be of the same
nature as the force coefficients if the force to which it
corresponds is applied as a couple at the leading and trailing
edges of the wing chord, as shown in Figs, .1~%, .1-3, and
14, A positive moment coefficient requires an upward force
at the leading edge, &s shown. The conversion of center of
pressure position irnto a moment coefficeent about any given
point can be easily accomplished by means of Bg. 7 in CAAM 05.1-Ce
It should be noted that the center of pressure and the moment
coefficient are alterpative in nature and can not both be be used
at the same time,

DETERMINATION OF STANDARD AIRFOIL CHARACTERISTICS.

The standard airfoil characteristics for conventional

. airfoils are obtainable from NACA Reports and Technical Notes.

In so far as structural analysis purposes are concerned, these
characteristics need not be corrected for aspect ratio, pro-
vided that the characteristics are.based on en aspect ratlo

of 5.0 or grester, The slope of the 1lift curve, m (JAAM 05.1-B),

" must be corrected for aspect ratio when used in conjunction with
the gust load factor formula (CAAM 05,R121). Aspect ratio .

corrections should alsc be made for performance computations.
It should be clearly understood that for & given 1ift coefficient

0y, the values of the angle of attack a , and the drag coef- "

Jd-7
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FIGS. .1-2, .1-5, o1-4 — TLLUSTRATION OF AIRFOIL FORCE, COEFFICIENTS
. - (Ref. CAR 08,125-A2) - ,
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ficient Cp will be fictitious unless the aspect ratio R of

- the glider in question is the ‘same ‘as that used in the wind

‘tummel tests. For a given normal force coefficient Cy,

- however, ‘the values of the chord férce coefficient Ceay
moment coefficient Cy, and center of pressure CP will.remain

practically coostant for VRN values of the aspect ratio

‘normally used.

‘CORPUTATION OF ADDITIONAL CHARACTERISTICS

As indicated in Table .1-I, certain additional character-

istics are desirable. These characteristics may be determined

as fbllows-

8. The normal force COEfflc;Bﬁt Cy can be determined
from Eq, 7, CAAM 05.1C. The steps involved are
- shown as- 1tems 1 through 8 of Table .1-TI,

b. The chord force coefflclent Ce is determined from
Eq. 6, CAAM 05,1C., The steps are outllned as
1tems 9 to -1l of Table .l1-I. :

¢. (1) The mément coefficient about the aerodynamic

- center Cy is usually given in airfoil reports.
In such cases the Ciy curve for a conventional
airfoil may be represented as a horizontal straight

~ line (see Fig: .1-5), and the value of CMa will be
constant for all values of C;. If the moment.coef-
ficient about another point x (such as the quarter
chord point) is desired, it may be, determined by
the following ‘equation: :

\Cuk = CM, ~ (& ~ %) Oy

where x is the point in question in temms
of fraction of the chord.

(2) If the moment coeffic1ent about the aerodynamic
center CM@ is not kecwn but the moment coefficient
- about the gquarter cherd poznt CMg /4versus Cy, is
given, a straight line can be draéo to fit the C M /4
curve as closely. as possible (see Fig. .1-5), The
average value of CpMa -is then obtained. from the
straight line where Cz = 0. The position of the
acrodynamic center can then be obtained from thc fol-
lowing equatmon*‘ - :



oT=t*

Tt TV

i “ua - (13) o2 ila)n

* COMPUZATION OF AIRFOIL CHARACTERISPICS

f15:01)i_0£/rfﬁ" (1)2/#3‘
;16‘%0D0- (3) - (15)

f-.'6_-e.4i-.2_|0 .2|.4].6l8h.0h.2 1.4

1.6

1,8

2.0

Re2

4

#7 = Agpect ratio of airfoil model used in NAGA Reports (or equiva.lent)

»* Por most modern, “conventional airfoils, the may be assumed constant for all va.lues of

CL and can be obteined from NACA publications (See CAAM 05,1C-c(1)).
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R5 ~ (Cygl - Cna)

where GMJ_ is t,he value given by tho
) straight line for CMc/4 where GN - 1.0. )
d- The valuos of a and CMé, can ~1so be obtained direotly e
from the CP curves as outlined in items 12 and 13 of =
Table .1-I in which the values of Cy, / are deter-

mined, ' However, unless the values o &P can be

accurately read from the curve, this. procedure may

. give misleading results. These values can be plotted o

against Cy, and the process for deternining & and Oy,
can then be carried ‘out as outlined.in ¢(2)’ ‘above, -
In any event, the operations should be confined to

the values of Cy, which 1ic on thc substantially =
straight portion of the 1if% coefficient curves .

e, For un oonvegti@_l airfoils which do fiot have & Well—-
. defined aerodynamic center it may be advisable. to ‘
determine local values of Gy . The value of Cy
be separately determined for any given value CL by
means of. the equat:.on.- co : .

. Oy, = CMc[ +{a - .25)0N.

- Provision is made under item 14 of Table .1-I for
determining local: values of Cya. S T

mmsmn OF C'-TARACTERISTIC CURVES

In the accelerated flight conditions the maximum values.
(posi‘bive and negative) of Gy, shown on the basic airfoil
characteristic curve will'be exceeded without the breakdown
of the flow characterized by the change in slope of the 1ift
curve.  The airfoil characteristic curves to be used for
atructural analysis purposes can be extended to represent the
effect of a sudden change in angle of attack by the following '

E approximations:

a. Referring t.o Flg. «1-5, extend the curve o.f." angle
of attack o to higher values of CL by means of a
straight line coinciding with the substantially
straight portion of the original curve. The
‘values of a so obtained should be entered in
Table .1-I under item 2. (The dashed lines in
Fig. .1-5 indicate extended values)
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Determine the induced drag’ coefflcient C .
outlined in item 15 of Table .1-I. R is defined -
in CAAM 05 123-B. It should be noted that R,
as used in Table .1-I, is the aspect ratio of
the wind tunnel model and not necessarily the.

”aspect ratlo of ‘the gllder in question.'

Determine the profile drag coefficient Cp» item
16 of Table .1-I. Plot these values for e o
original straight line portion of theé Cy curve and
extend the curve, so obtained, along the same

o general path followed at the Jower values of Cp,

d.

£,

‘as ghown in Fig. .1-5., BEnter tha values of Cpy,
'thus obtained urider item 16. _ :

Extend the CD curve by determining the values for

~item 3 of Table o1-I as indicated._

The Cy, curve may be extended as a horizontal

_'straigﬁt line.

‘The extended values of Cy and c@ are determined
‘as indicated under items 8 and 11 of Table .l-I,
using the extended valuss of GD. -

The C.P ourve may be extended by means of the
equation: o o

" -'a.--CMa/CN' |

' uaing tho oxtondod valuas of GN.

Ir no data are availabla for the: airfoil oharacter—
4sties in the negativec Cy rangs, tho Cy &nd Cy.
curves -may bhe obtainoed in this roglon by extending

the curves as straight lines., In thia cass, tha_‘,_‘~ -

Cp curve may be obtained by assuming that the Cp
curve is symmetrical and then computing values of
Cg in accordancc w1th itcm 11 of Table .1—1.

.i--l:f'
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STRUCTURAL LOADING GONDITIONS

DEFORMATIONS

1. Detrimental permanent deformatlons are, in general, con-
sidered as those which correspond to stresses in excess of

‘the yield stress. . The yield stress is defined as the
stress at which the permanent ‘strain ig-equal to O. 002

inches. per 1nch.‘”‘;, o

'2 In determining oermanent defbrmatlons from static test

results, the effects of sllppage or permanent deformatien -

of the Jig may be accounted for if properly measured.

" DESIGN AIRSPEEDS

The values of . the design airspeeds speclfied in
CAR Table 05-2 are minimum values., - In certain cases it

. may be desirablé to use larger values; 29290 utility type
gliders designed under Class III (see CAaM 05.01) or high

performance type glidérs designed under Class II.. (See
CAAM 05,70j regarding the possibility. of accidentally

- exceeding the placard speed.) In order to prov1de for a

high auto-winch tow placard speed, it méy’be ddvantaggous:

to use both a higher design gliding speed and a constant

positive load factor-aver the design speed range (see

It should bc noted that the flight leadpfactors refer-

fed to in CAR 05,212 are wing ‘or-air-load:factors. Also,

that the net or dead’ welpht load - factors ‘ghould be obtained
from- balanc1ng computat1ons, such ‘as outlined in CAAM 05. 218.

MANEUVERING LOAD, FACTORS B

The limit maneuverlng 1oad factors sneclfled in
CAR 05,2120 are, ‘in ‘general, minimam values. In certain
cases, it may be advisable to use higher values, e.g., when

‘& higher auto-winch tow.placard speed is desired (see

CAAM 05.211 and CAAM 05 2130)
GUST LOAD FACTORu

The ‘limtt gust’ load factors may be obtalned from the

'follow1ng formula- o



05.2130

05,2131
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ne+1l+ An

=1 « KUVm
5755 )

where An'-'limitqloaﬁsﬁaeter increment

X n-gust-reduction'faciof"(see Fig., .2-1)
uﬁ = Fust veloclty, fps. (Note that the "effective"
srarp-edged gust equals KU)
V= indlcated airspeed, mph . .
8 = W/S, w1np loading, psf, (See CAR 05.102 for
| deflnitlon)
m= slope of 1ift curve, Cr, per radian, corrected

for aspect ratio, R. (See CAAM 0S. l—u,
Eq. 17).

BASIG FLIGHT ENVELOPE

‘In 8o far as: GAR 05 2150 is concerned the basic flight -
envelope or V-n diagram is a locus of points representing the
1limit wing load factors and the corresponding velocities for
the design criteria specified in CAR 05,2131 through.05,2133.
Such a basic flight envelope should be plotted on rectangilar
coordinate paper (common graph or cross-section paper) to a
suitable scale with the velocity, V.(mph), as the abcissa
and the limit wing load factor,. n(n—unitss as the ordinate.
A SHMple bagie flight envelope is shown in Fig. .2-2,

Yhen applying the requirements specified inl CAR 05. 2151,
the following procedure should be followed-

e. Plot the follovinﬂ equation on the positive portion.
'(line 1 of Fig. J2-R):.
(/g2 8 1.0

where n = maximm possible positive limit wing
S leoad. factor at the speed, V (mph).

n

-va

s stalling speed squared corresponding

t0 3 Crpay (dynanic) of 2.0.
591 8/Cr,, = 196 s

2.2



CIVIL AERONAUTIOS AUTHORITY MANUAL

: ..!.m.

ey

T
,

: :

POCRLINA A oo 47
g 2 4

FIG. .2-1 -~ GUST REDUCTION FACTOR

=2 -] Fuas My Shadtad n Mo 4 HT TR N X
— n r { ||| ] T ; HH D it i
i } H -4 kamd TR, Jdmns
4 ANNREN - 4 MBS I
m - xy + a
2 - + BaE i HHET T HHHE
Hr i T T H -
Ly ] g N - — » [t}
LI | 1 +H Li 1] [ {3
E 11 TR HH|
3 | 1-1 o H i N 'ARES
H ml H- [ ul 11 .
| 1 I 1 |
i aw H - NENENL - H H 1
F 1 A
[ I T » H Ll i
- L L | “ o H 1] ; “,
- HWW = T !n..u
[ = - ! AW
F H i R
£l Ir 1 1]
oo . [ [ 1 [3 A HH
= LR = ] L 5 Ea IEEEEY
¥ - u T g e H
11 T iRl R ' T (1)
e T o u | F R H
L .P_\ | =1 ol B
RENNEEA §3i & i H A s mEn
z 1 B R L AR 4 gEER
; ; : I EEE
- -1 L [ ]
- ) 1 ! | ¥ . i
5 - H B AN
XN . E ne ms
13 manguy
HHH 1 - a5 aa A
4 i | i xn . ] i
1T s, o L SRR
i L Y 1 H D,
f i ge CH H e 1 EEN T
w JH o H i 3 - Lt . 1]
kg - AEN. H L
M 114 |I.
! " I ] n
& R (1] ]
3 d - HH
T [=a ' :
it Hif il i
Heor ] : )
x ] ] ] 1T s o
A F u r1]
] !
L N

et

]

nm
P
mn
s

2-3



o oo ry TN I

i 0 o W

T:

7

ah

3.
b

|




~ CIVIL AERGNAUTICS AUTHORITY MANUAL
b. Draw a -vertical line through the velocﬁy corres-
pond:.ng to- Vg (l:l.ne 2 of Flg. .2-2)

Ce Plot tbe fo]lomng equat:.on on the negat1 port.:Lon
: (1ine 5 of Fig. .2-2) . _

" --(V/ )2 -—1 o ' ‘ -

| ‘._whe.x.:e‘ n-= ma.xinnm poss:ble nepatlve unit wing
LT T Ioad factor: at’ t‘xe speed v(mph)
‘Q 2= stallmg speed squared corresnond:.ng
to a Glma*d,ynmc‘ of 1.0 (negative)
= 391 s/CI 591 s
05.2132 __— ?Ihen apnly1ng 'bhe requlrements Speleled in CAR 0S. 2152

the follonng procedure s,aould be followed:.

Draw a hor:.zontal stralght llne through the ‘value of
" n specified in.CAR Table 05-2. (item 5). (Line 4 of
. Fig. «2-3). If a higher value of the auto-winch tow
.‘placard soeed is desired; i.e., fn.gher than specifiad
. :in CAR Table 05—1 the. valuc of n should not be less
©_than that ob‘ta.lm.d froh. t.he follom.ng formula:

. on=1- (V{.‘Fw +.5)2 ‘e
| T—-e) R ‘

. where vtaﬁ' = desired auto-winch tow placard speed
' (mph ),See CAR 05,211 for de—
flnltlons of other symbols.,’

b. Draw a stralgh‘b line through p01n'bs V=0,n=1
- and V= Vo= ngyy (point E of Fig. .2-2). The
value of nyyy may be obtained from the formula given
in CAAM 05.212):when V =V, and U = 30 fps. This
‘1ine is labeled liné 5 in’ ﬁp. 22,

¢. For reasons Dreviouslv mentxoned the designer mey .
- desire to usc‘a constant load factor (positive). over
 the flight speed range (sec CAR 05,2131), In thit

cas¢ line 4 of Fig. .R-2 may be replaced by line 6.
Lino 6 is a horizontal straight line through point
' V Vg, n £ nIII (Pﬁiﬂt E Of Fig. .2—2)0

It should be notod that the poq:;.t:ure por'binon of the baaic :
flight cnvelope is represented by tho ecurve ABCDEF or ABG'D'EF, N
as thc case may bc, of Fig. 2R

.2-5
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' When applying the requirements specified an CAR 05.2133,
tho following procedure should be followod-

a. Draw a horizontal atraight line through the value
of n specified in GJ&R T.lth 05-2 (Item 6). (Lino 7
.of '“'ig. 02-2)-
b, Draw a straight line through points V=0, n=1 and
V= Vg n=nry {(point { of Fig, .2-2). The value
of nyy may be obtained from the formula given in
CAAM C5.2121 when V = V, and U = -30 fps. This line

- is labeled 1ina 8 in Fig. .2—2.

It should be noted tha* the negativo portion of the basic
flight onvolopo is 'opraaontad by the curve FGHJKL of Fig. 2-2,

- In gonoral, an invootigation of the following speoifio

basic flight conditions, which correspond to points on the .
‘basic flight envelope (see:Figs. .2-2 and .2-3), will insure
. satisfactory oovarage of the critioal loading conditions:

a. Condition I (Positivo High Angle o:f A‘otaok) This
condition corresponds to point C or C' (ag the case
may be) on the basic flight envelope. The aerodynamic
characteristics CN’ CP . (or G ), and Co to be used in
the inves‘bigation should be de'bermined as follows-

(1) GNI - _I__ (uaually equals approximately 2,0)
' ar = -

where ny = wing load factor corresponding to
point ¢ or C'. :

qI = dynamio .pressure corresponding to
~ the veloeity V1, which in tum
oorreopondo to point c or Ct,

(2) Co = value corresoonding to CNI’ as obtained from
‘ the airfoil characteristids curves (see
Fig- ‘1""5)

(5).CP or _Gu value oorresponding to Cy_, 88 deter-
“mined from the airfoil cgzraote'ristios
. curves,

b. Condition I (llodifiod Positive High Angle of At-tack)
mon need only be investigated in special
cases., The condition corresponds to.point D or D' on
the basic ﬂight onvelope, provided that point DorD

26
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is approxir-tely midway between point € and line 2 -
(the midmoint should be used when point. D is npear
either of the noints C or E), or point D! when
point C' is used in Condition I above, The aero-
dynamic characteristics to be used in this investi-
gation should be determined as follows:

(1) GNI « 01 8
1 45

~ where gy = dynamic pressure corresponding
. 1 to V1, , which'in turn corres-
ponds™to point D-and D', as the

¢cage may be,. : ‘

(2) € = value corresponding to Cyy. (may be assumed

equal to zero, if positivel.

(5) CP or CM = value corresnonding to CN

Iy
Condltion II (Negative High Angle of Attack)s This

condition corresponds to point J on tho basie flight
cnvelope. The aerodynamic characteristics to be used
in the investigation should be determined as follows:

(1) Cxyy ™ 1T 8 (usually cquals approximately -1.0)

- arr

(2) Ce = value corrgsaondlnv to Cnty {may be assumed
" equal to zeroc if. p031t1ve} »

(3) CPor Gy = veluc correspondiﬁg thCNII

'Condltzon III (Positivu Low. Angle of Attack). This

co: dition corrcsponds to point E on the basic flight
envelope. -The acrodynamic characteristics should be
dutermlned as follows:

(@) Cnggy = BLILS  (qpyp = ap)
arIr
(2) G, = value corresponding to Cy,; (nay be assumed
eqwal 0 Zero if positive§

(3) GM = CM ~ 0,01, where Cy is the actual value
corresnondlng to CNIII"

«2-8
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e. Condition IIIj (Modified Positive Low Angle of Attack).

f.

e

In order to cover the effects of limited use of the

ailerons at V, on the wings and wing bracing, such

structure shottld be investigated for the following:
(1) O¥1rry = OMpr

(2) Co = value corresponding to CNIlll'

(3) C ' = value obtained from Fig. .2~4, where GM is
the value corresponding to CNIII . CM

need only be applied to that portion of the

span incerporating ailerons, using the basic
value of Cy determined in Condition III over
the remainder of the span,

Condition IV (Negative Low Angle of Attack). This
condition corresponds to point G on the basic flight
envelope. " The aerodynamic characterlstlcs should be

‘determined as follows:

(1) Cyqy = DIV ®

arv

{2) Co = value corresponding to CNyy (may be assumed
equal to zero if positive}

(5) Cy'= Cy - 0.01, where Cy is the actual value
corresponding to GNIV'

‘Condition V (Gliding). This condition cofresponds to

point F!'.on the basic. flight envelope and represents
the flight condition where the maximum rearward act-
ing chord load cccurs. This condition will only be
critical for wing and wing bracing. 'The ‘aerodynamic
characteristics to be used in the 1nvest1gatlon should
be determined as follows: .

(1) Cwy = value corresponding to Oc max. (positive).
(2) Ce' = Go max. (positive) + 0.0ls
{3) Cy = Oy — 0.01, where.CM is:actual value corres-

ponding to CNV'

. 2—9
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~the basic flight conditions in ‘the following ménner:

CIVIL AERONAUTICS AUTHORITY MANUAL

 GENERAL

INTERNALLY BRACED WINGS

1. For 1nternally braced wings, the ‘effects of trailing edge

flaps on the wing structure as a whole can, in general, be

‘satisfactor1ly accounted for by modifying, when necessary,

a, The average value of Cy' used in design conditioﬁs
IIT and IV (CAAM 05,2135-d and —f) should equal or
exceed the quantity

. v ?
¢ T 1*.
e "(VE‘J

where: Cy, is the average moment coeofficient about

the aerodynamic center (or at zero 1lift) for the

airfoil section with flap completely extended. (The

average moment coefficient refers to 8 weighted average

over the span when Cy is variable. The wing area
-qaffected should be used in the ;91ghting)

: 'Vf is the design speed with flaps extended as specified
in CAR 05,110. -

- Vg is the design gliding spend used in Conditlons II1
- and TV, ‘

... b, The average value of Ce used in design Condition V
»- . {CAAM 0S5, 2135g) should equal or excced the qnantlty

Vo AR
c. f
cf
‘Ihere- Ccf 1s. the maximm p051tive chord force coef-
ficient (average) for the airfoil section with flap

" completely extended. (The average chord force coef-
ficient rofers to a weighted average over the span).

?hcn the above provisions are made, no balancing computations
for the extended flap conditions necd be submitted; hence,

. these conditions can also be elimina#ed from the deslgn of the
.horizontal tail surfaces. S

2. The foregoing 1nterpretation applies to normai {nstallations
in which the flap is inboard of the ailerons, or in which &
fvll span flap 1s used. For other arrangements it will be

20 ‘
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necessary to submit additional computations if it is desired
to prove that flap conditions are not critical,

3. In all cases an investigaticn is required of the local.
wing structure to which the flap is attached, using the flap
désign loads ds determined from CAR 05,224, The strength of
special wing ribs used with split flaps, and the effect of
flap control forces, should also be investigated. Reference
should be made to current NACA reperts and noted for acnept-
able flap data. ' :

EXTERNALLY BRACED "INGS

1. The designer or manufacturer of externally braced gliders
equipped with trailing edge flaps should contact the Authority
for applicable loading conditions for the flap'cpnditions.'

In sp9c1é1 cases where an 1nveét1gation for the effects

 of unsymmetrical flight loads is required, the follow1ng
' assumptlons should be made'

a, Modify Gondltlons I and III (see CAAM 05,2135 -a and
-d) and the most critical negative condition by
assuming 100 per cent of the air locad to be acting
on one side of the glider and 40 per cent on the other.

b, Assume the moment of 1nert1a of the entlre glider is
effective. :

It will usually be convenient to separate the effects of
‘the loads due to linear accelérations from the loads due to
torque T. It may be assumed that the stresses due to un-
symmetrical loads can be obtained by adding algebraically the
stresses due to 70 per cent of the normal (unmodified) loading
to those determined by comsidering 30 per cent of the normal

-total load to be acting tipward on one wing panel and 30 per

cent to. be acting downward on the other. The unbalanced
moment or torque T is equal to 60 per cent of the normal total
load on one wing panel times the distance from the longitudinal~

‘axis to the centroid of the load normally acting on the panel,
- This is illustrated in Fig. wR-5. _ -

- The angular acceleration a resulting from the torque T
may be ouvtained from ‘the following formula: '

L]

—————

a = (rad /sec.z)
I :

where‘Ix'= the moment of inertia of the .
glider (and its contents) about
the X, or longitudinal axis.
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- Notes L
Tw . 80Wxd
where: W = the normal load on ons pa.nel.

FIG. 2o
S - | 2-18

. e
T F 1 1 4
100, %
L1l 1 R
- b !
Note: . | .
d = ocentroid of loading.
1 " !_ 3 i ,
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S

. ¢ Gy
. |

- _ ACTUAL SEMI-SPAN —
F1G, 2-6: SPAN DISTRIBUTION - NO TIP LOSS.

© GTATION WHERE )
CHORD = DISTANCE "m
70 EXTREME T _/’ T

FIG. .2-7: &PAN DISTRIBUTION - WITH TI? LOSS

. NOTE: . Above .figures apply only to wings.
shiich have mean taper ratios greater than
0,5 and without aerodynamic twist,

FIGS. .2-6 and ,2-7 - SPAN DISTRIEUTION OF Gy FOR WINGS.
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Army-Navy-Civil publication ANC-1 (1), "Spanwise Air

-Load Distribution® (obtainable frem the Superintendent

of Documents, Washington, D. C., at the nominal sum of
60 certts), in NACA Technical Reports Nos. 572, 585 and 651
and NACA Techn:cal Note No. 6086,

5. When the normal force coeff:.clent is assumed to vary '
over the span, the values used should be so adjusted as to
give the same total normal force as the design value of
Cy acting uniformly over the span. (See CAAM 05,217-C for
additional information).

4. V-'hen Figs. .2—-6 and .R~7 are used the chord coefflc:.ent
‘shall be assumed to be constant along the span.

- 5, For nngs having aerodyriamic twist (not geometric tmst),

it is very important that the effect of twist (wash-out) be
considered in the investigation of the wings for the negative
-conditions (see CAAM 0s. 2154)

CHORD DISTRIBUTION

l. The approximate method of" chord loadlngs outlined in
CAAM 05.3 for the testing of wing ribs is suitable for con-
ventional two spar. construction if the rib forms a complete
- truss between the leading and trailing.edges. An investi-
-gation of the actual chord loading should be made in the

. case of stressed-skin wings if the longitudinal stiffeners

- are used to support direct air loads. In seme cases it is
neceasary to determine the actual distribution, not only
for total load hut for each surface of the wing. If wind
tunnel data are not available, the methods outlined in
NACA Reports Nos. 383, 411, and 465 are suitable for this
purpose, These me‘bhods consist in determining the "basie"
pressure distribution curve at the "ideal" angle of attack
and the "additional® pressure distribution curve for the
sdditional angle of attack. These curves can be coordinated
with certain values of Cp, so that the final pressure dis-
tribution curve can be obtained immediately for any Cr.
Curves of this nature for several widely-used. airfoils can
be obt.ained directly from the NACA.

2. Leading E:lge Ioads. Gn high speed gliders the leading
edge loads developed may be exceptionally severe, parti--
cularly the "down" loads which are produced by negative

gusts when flying at the design gliding speed. - The magnitude
of such loads can be estimated, without determining the entire
chord distnbution, bty the me'bhod outlined in NACA Report No.
: 415. '

.2-16 .
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3. Effects of Auxiliary Devices; When a design speed higher

than required is used in- connection with.wing flaps or other

auxiliary devices, it will be ‘necessary to determine the

- chord distribution over the entire airfoil., The effe¢t of

~ any device which remains operative up to V, should be care-
fully investigated. This applies partlcularly to auxlllary

airfoils, spoilers, and fixed slots.

DETERMINATION OF RESULTANT AIR FORCES.

1. A general mathpd is outlined below for determining the
mean effective value of the normsl force coefficient, the
average moment coefficient, location of the mean: aerodynamic
center and value of ‘the mean aerodynamic chord. These factors
are_needed in order to determine the balancing loads for :
various flight conditions (see CAAM 05.218). IThe most peneral
-ecase will be considered, so that certain steps can be omitted

‘ : forms-or .8pan load dzstrlbution curves are -

involved

2. In General, the summation of all fbrces acting upon & wing
can be expressed as a single resultant force acting at a
certain point and a cocuple, or moment of air forces, about
this point. If the point is so chosen that, at constant
dynamic pressure, the moment of the air forces does not
appreciably change with a change in the angle of attack of the
airfoil, the point can be'considered as the mean aerodynamic
center of the wing.  The resultant force can be resolved into
the normal and-chord components and represented by the average
coefficients Cy and Co, While the moment is represented by ‘
the average moment coefficient; Cy, multiplied by & distance
which can be considered to be the mean aerodynamic chords The -
values of ‘the above Quantities and the location of the mean
aerodyramic center will depend on the plan form of the w1ng
and the type of span distributlon curve useds -

5.,Fbr donvenience and clarification, Table . 2 I has been
developed and the various curves obtained as a part of $his.
method are illustrated in Figs. .2-8, .2-9 and .2-10. It
should be particularly noted that when the area under a

curve is referred to, the area should be expressed in terms
of the product of the units to which the curve is drawn.‘ The -
procedure is as: follows' :

a. Fig. .2—8(3) illustrates the actual wing plan fonm,
plotted to a suitable scale. This should agree with
the deflnition of desmgn wing area given in CAR 05.101.

N
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(b)

.@)

FIG. 3-8

ey —

— DETERMINATION OF EFFECTIVE NORMAL FORCE COEFFICIEW?

(REF. CAAN 05.217-C3)

- oR=18
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Fig, .2-8(b) shows the variation of'wing chofd, c,

with span. The values of C are entered in Tsble .2-I

" as item (2). The area of the figure should be

accurately determined and converted to the proper

units, It should be cne-half the value of design

_ Wing area, ' :

Ce

Fig. «2-8(¢) represents an assumed épan distribution -

- curve, The factor Rp represents the ratio of the

.4

aoctual Cy at any point to the value of Oy, at the

root of the wing. Values of Ry from this curve are
entered in Table .2-I under ltem (3). ..

Fig. .2-8(d) is obtained by plotting RyC (item 4) in
Table .2-I against span. The ordinates of this curve .
are proportional to the actual force distribution

over the span. The area urder curve .2-8(d) should.

be accuretely determined and expressed in the proper

units. Ky, the ratio of the mean effective Cy to the -

value of Cy_ (at the root), is obtained by dividing

 ‘the ares under curve .2-8(d) by the area under .2-8(b),

8,

f.

using the same units of measurement for each area.
This value of K, is indicated by the dotted line on

_curve ,2-8(c).

To determine the Jocation of the mean aerodynamic
center along the span, Fig, .2-9(a) is drawn. The
ordinates are obtained by multiplying the érdinates

of curve .2-8(d) by their distance along the span,

as shown in item 5, of Table .R-I. The area under
curve .2-9(a) divided by the ares under curve .2-8(d) .
gives the distance. from the wing root to the chord

on which the mean aerodynamic center of the wing

panel is located. This distance is indicated on

Fig. .2-8(a) by the dimension B, '

The locus of the aerodynamic centers of each individual
wine chord is plotted on Fig. .2-8(a) as the dotted
line A-B.- In Table .2-I the distance "x" from the
base line O-E to the line A-B is entored under item 6.

Fig. .2-9(b) is now plotted, using as ordinates the
values of Rp Cx obtained from item 7 of Teble .2-I,

The atea under curve .2-9(b) divided Yy the ares under
curve ,2-8(d) gives the distance of tho mean &ero-
dynamic center from the base line 0-E in Fig. 2-10(2),
This distance is indicated as ¥ on that figure.

seml8
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N6,

TBEMI-SPAN

(1)

Span = b

_Root e MD

(2)

Chord . C

By

Ry C = (3) x (R)

Ry, C b = (4) x.(I)

X

(7)

Ry Cx . (@) x (8 |

(8)

'cz - (2)2

(9)

Cy

(10)

o = (@) x (8) | I R .

TARLE o2-1

DRTERKINATION OF RESULTANT AIR FORCES
(Ref. CAAM 05,217-C)

R0
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h, If it is assumed that the moment coefficient about
the aerodynamic center of each individual chord is
constant over the span, the magnitude of the mean
aerodynamlc chord is determined by means of Fig.
.2-9(c). The ordinates for this curve are deter-
mined from item 8 of Table .2~I. The area under
curve ,2-9(e) divided by the area under curve
+2-8(b) gives the value of the mean aerodynamic
chord. By way of illustration, it is drawn on
Fig., .2~8(a) so that its aerodynamic center co-
incides with the location of the mean .aerodynamic
center of the wing panel.

i. In cases in which wing flaps or other auxiliary
high-1ift devices are used over a portion of the
span it is desirable to obtain the mean effective
moment coefficient. This is the coefficient to
bte used for balancing purpcses in comnection with
the mean aerodynamic chord previously determined
under the assumption of a uniform moment coefficient

" distribution. In Table .2-1 under item 9 the local
values of the moment coefficient about the aero-
dynamic center are entered., These are also plotted
ag Fig. .2-10(a) to illustrate a type of distribu~
tien which might exist.

j» Fig. .2-10(b) is plotted from the values indicated

- under item 10 of Table .R-I. The area under this
curve divided by the area under curve .2-9(¢) gives
the mean effective value of the moment coefficient
for the entire wing panel.

k. In the case of twisted wings a different span dis—
tribution exists for cach angle of attack. The
location of the resultant forces can, however; be
determined in the 2bove manner for any lmown span
dlstrlbution.

BALANCING LOADS -
GENERAL

.1s The basic design conditions (sce CAAM 05.21%4) must be

comverted into conditions representing the external loads
applled to the'glider before a complete structural analysis

can be made. This process is commonly rcferred to as

"balancing" the glider and the final condition is referred
to as 2 condition of "equilibrium". Actually, the glider
is in equilibrium only in steady unaccelerated (constant

- 2""21
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¢

"C'ﬁ“" ‘ o ) */(a.')-

-CpC*

(b)

FIO, .2-10 - DETERMINATION OF MEAN EFFECTIVE UOMENT COEFFICIENT
| " (Ref. CASM 05.217-C3) |
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_speed). flights: in accelerated ‘conditions both linear and
angular: accelerations ‘act to:change. the velocity and attitude -
of the glider. It is customary to represent & dynamic con-
dition, -for structural purposas, as a static condition by

the expzdient of assigning to:cach item-of mass the increased
force with which it resists accelération. Thus if the total
load acting on the glider in & certain direction is "n* times
~the total weight'of the glider, each item of mass in the glider
is assumed:toiact on the glider structure in exactly opposite
direction and with a fbrce equel to "n" times its weight.

2, If the net resultant momont of the eir forces acting on the
glider is not zero with respect to the center of' gravity, an.
angular acceleration results, An oxact analysis would require
the computation of this angular acceleration and its applica-
tion to cach item of mass in the glider. 'In general, such an
analysie is not necessary except in certain cases for un-
‘symmetrical flight conditions. The usual expedient in the
case of the symmetrical flight conditions is to eliminate the
“:effects of the unbalancod couple by applying a balanéing dond
near the tail of the glider in'such a way that the moment’
of the total force about the denter of gravity is reduced to'
zcro. This method is particularly convenicnt, as the balaneing
tail load can then be thought of either ag an aerodynamic force
from the tail surfaces or as a2 part of a. couple- apqroximately
.represcnting the ‘angular inertis Torces of the masses of and’
in the glider. Considering a gust condition, it is probable
that angular inertia forees initially resist most of the un~'
balanced couple added by the gusit, while in a more or less
isteady pull-up ‘condition the balancing tail load mey consist
Jientirely of a. balancing air load from +hc tall surfaces.

'-iziamn’cmc THE GLIDER | | R
1, The" following considerations are 1nvolvcd in balancing
the glider._.:‘ j;___ : _

&. Tt is asaumsd that tha 1imit load fhctors snecified
© + for ‘the basic flight conditions (CAAM 05, 2134) ape
wing load factors., A" solution is therefore made for
~-‘the net load factor acting on the whole: glider. The
‘value so detsrmined ‘ean” thon bo used’ in connedtion
- with each item of weight (or with each group of itama)
4n analyzing tho fuselage.: For-balarcing purposes the
“net factor is assumbd to act at tho centor of gravity
“of the glider. mn;,w.. FARRERE e T

b. Assuming that it is possible for a load to bo acting

' “in thoe opposite direetion on the clevater, it is
recommnnded that the center of pressure of -the

224
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horizontal tail be placed at £0% of the mean chord
of the entire tail surface, This arbitrary location
may also be tonsidercd as the point of application
of inertia forces resulting from angular accelera—
tion, thus simplifying the balancing process. :

Ce In-Fig. .2-11 the external forces are assumed to be
- .acting at three points only. The assumption can
- generally be made that the fuselage drag acts at
the center of gravity. When more accurate datd are.
avallable, the resultant fuselage drag force can of
course be computed and aprlied at the proper peint.
In cases where large 1ndependent items having con- -
giderable drag are present it is advisable to extend
the seteup shown in Fig. .2-11 to include the addi—
~ tional external forces.

2. As shown in Fig. «2-11, & convenlent reference axis is the
basic chord line of the mean aerodynamic wing chord. (The
‘basic chord line is ustally. specified along with the dimensions
of the airfoil section). The determindtion of the size and
1ocaticn of the MAC is outlincd in: CAAY DS, 217—6. :

5. A tabular form'will simplifv the COmnutatlons required to
obtain the balancing loads for various flight conditions, A
“typical form for this purpose is showm ifi Table .2-II. In .
using Fig. .2-11 and Table .R-~IT the follow:ng assumptlons

and conventions should be umploywd '

&, If known distances or forces arc opnosite in direction
' from those shown in Fig. .2-11, 3 negative sign should
~ be prefixed before inserting in the computations. For
instance, in the case of a lcwaw1ng moncplane, , will
~ have a negative sign. The dircetion of unknown forces
. will be indicated by the sign of the value obtained
from the equations, A negative value of ng will
usually be determined from the balancing process, in-
‘dicating a down load on the tail: . For conditions of
positive acccleration tho solution should give &
. nagative value-fof np, as the inertia load will bo
‘acting downward.. Ths convention fbx~ni corresponds
to that used for momsnit cosfficisnts; that is, when
the walue of C,, is negative By should also be negative,
indicating & df#ing mcmcnt.

be 411 distancefs should be dividsd by thc MAC Before
being used in the computations.

‘, c. The chord load acting at the tail surfacoes may bc .
. ‘ncglectad. " _ _ ‘ _ _ -

;2—25 ;
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@ Aerodynamic center of M.A.C.
_ ® Center of gravity of entire u.rpmn
@ Aslmd CaPs of tatl mmo._

o = angle of attack s degrees (shown positive).
£ = gliding angle, dsgrees. ,
n = foroe/M (positive upward and rearward),
n= hment{lr (positive olookwise as shown).
X - ‘horizontal distance fran@ (positive rearward),
h = vertioal distance from(D (positive upward),
All distances are expressed in terms of the M.A,0,

FIG. .2-11 BASIC FORCES IN' FLIGHT CONDITIONS
(Raf. CAAM 05.218-B)
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4. Computation of Balancing Ioads. In Table .2-II the
computation of balancing luwds is indicated for typical

~ flight conditions. The equations are based on. the fact
“that the use of the avcrage ferce coefficients in con- -
nection with the design wing arca, mean acrodynamic chord,
and mean &credynamic center will give resultamt.forces . -
and moments of the proper magnitude, direction and
location. Provision is made in the table -for obtaining

- the balancing loads for different design weights., The
table mey be cxpanded to inclide computations for several
loading conditlons, special flight conditioms, or con-
ditions involving the use ‘of auxiliary devices. It ‘should
be noted that a change in the location of the CG will re-
quire a corrbsponding change in the values of xp ‘and hg on
Fig. .2-II. (Condition IV, Neg. L.A.4,, will usually
result in the largest balan01ng tail load.)

a, When the full-load center of graviity position
varies anpr001ab1y the glider should be balanced
for both extreme positions unlecss it is apparent.
that only one is critical. In gcneral, only one
center of gravity need be considered for single .
place gliders. In special cases, it may alse be
necessary to check the balancing tail loads re-

“quired for the loading conditions which produce
the most forward and most rcarward center of
grav1ty p031t10ns for which approval is desired,

5. The following explanatory notes refor. by nuﬂber to itcms.
appearing in Table .2-IT:

(4) The wing loading s should be based on tbc dbSlgn
wing area. _

(5) m = limit load factor required for the condition
‘ being investigated, (See CAR 05,R12 and’
CAAM 05, 2154) ‘ .

(8) Determinc CC as 3pec1f1ed in CALM 05, 2154. Sec
also Eq. 6, CAAM 05,1-C. | e

-(io) The value of Cf; is specified in cAAM 05,2134,
See also CAAM 5,217-C in ‘cases_involving wing
flaps. SRR ‘

(12) The net tail load factor ng is found by a sum-

mation of moments about point (R) of Fig. .2-11,
from which the following equation is obtained:

o227
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. . this requirement the "fin" is considered to

.~ include any rudder bilance area shead ‘of’ the
B extended trailing edge of the fin. '

" b, The chord distribution speciﬂed in CAR Fig. 05-1 _
. 1s applicable to those cases in which the'mean - - : )
chords of the effective’ fin and rudder areas are '
of approximately the same magnitudes. When this ‘
t ¥ refers to-“ e

. the average 1imit pressure over the total effective

. area of the vertical surface. The total loesd act- .
ing is therefore equal %o W times the total effective
area. This load is, however, ap»lied to the fin only,
in accordance with the specified distribution. e

. ¢+ When the mean chords of -the effective fin and rudder .
_areas are of considerably ‘different magnitude, the -
chord distribution for a symmetrical airfoil should =
- be used, This distribution can be obtdined from the
S . . curve marked “experimental mesan" of Fig. 11, NACA
‘ " | Technical Renort No. 555. '_ s

05,224 mcmps

- 1s In the design of wing flaps, the critical 1cading is

ummlly obtained when the flap is completely extended. The =

requirements outlined in CAR OS5 epply only when the flaps

‘are not used at spoeds above & certain predetermined design
speed. As noted in CAR 05,732, a placard is required to in-
form the pilot of the specd which should not be excecded
with flaps extended, Reference should be made to current

" NACA Reporta and Notes for acceptable flap data.

~J

05,225 ~  SPECIAL DEVICES

"1, In lieu of wind furnel data, it is recommended that
. . spoilers and their attachment structures be designed for ,
. thﬂ limit ...oading obtained from the follo* ing formula: .

W m oy 2.
‘.."ap 005? vsp

where: Vp = the l:lmit loading, pst.
V= the indicated airspeed at vhich -

5
i raximm operation of the spoilers
is assumed, mph.

It should be assumed that tho load is uniformlv distributed
o mr the surface. NACA Technical Memorandum No. 926 contains

.2-—52
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information pertaining to dive control brakes.

GENERAL

- The dontrol forces’ Speciflad in CAR 05 are of an
arbitrary nature; hence they may prove to be somewhat ir-
rational in certain cases.’ In generzl, however, thcy. -
reprosent gimplifietl requiremsnts which will result in
satisfactory control systems. If he so desires, the .
designer may use a more rational loading for the design of
the eontrol system. Tho following loadings are considered
satisfactory. The control systams may be designed for
limit loads 25% greater than those corresponding ‘to the
limit loads specificd in CAR 05 for the control surfaces

to which they are attached, assuming the movable surfaces

to be in that position whlch produces the greatest load

- in the control system, cxccpt that the loads should not be

less than those listed below:

a. Elevator: 75 lbs. for¢-and-aft -

b. Rudder: 100 1bs. on one pedal only and
200 1bs, on each pe dal simultaneously

_ c;.Aileron:. 50 1bs. laterally or as & part of a
' couple applied to the control wheel

The control forces soeciﬁied should be apnlied to the

- entire control system including the control surface horns.

e p————

‘The multiplying factor of safety of 1,20 (CAR 05.,271) need

not be applled to thu fitt1ngs in the control system.

In regard to the distributlon of the control force
between the aileroms, the following assum@iions arc con-
sidered suitable:

- &, For non-differcntial ailerons, 75% of the stick
.forec or couple should be agsumed to be resisted
by .a down aileron, the remainder by the other
aileron; also, as a separate condition, 50% should
be assumad to be resisted by an up allﬂron, the
remalnder by tHe other alleron.f

b. For differential ailerons, 75% of the stick force
~-or ‘couple should be assumed to be resistad by each
aileron in either the up or down position, or
- rational assumptions based on the goomctny of the

’ system should be m&de. '

ialms | ,



05.234

05.235

05.240

CIVIL AERONAUTICS AUTHORITY MANUAL

FLAF AND AUXTLIARY CONTROL SYSTEMS
1. It is "ecomzanded that the following limit forces be
used a8 minimum velues fof the design of flap and muxiliary
control Systems;
S Flaps oooolooe.c.u-.o.a".oooo 20 lbﬂo_ (See not_e'bBI.OW)
b. Spoilers Ssevsacsrsstaten 50 let (See not-e belov)
ce Hand operated brakea voss 75 Ibs.
d., Foot operated brakes ....100 ibas,
NOTE: The force used for the design of flap and spoiler
control systems should not be less than 1.25 times the force

corresponding to limit load used fbr the design of the sur-
faces. :

2, It should be noted that the flap position which is most
eritical for the flap proper may not also be critical for

‘the flap control mechanism and supporting structure. In

doubtful cases the flap hinge moment can be plotted as a
function of flap angle for various angles of attack within
the design range. The necessary characteristic curves

© should be obtained from reliable wind tunnel tests.

. The dircction of applying'tha control force should
correspond to the direction normally used by the pilot,

GENERAL

In so far as the requirements of CAR 05.24 are con-
cerned, landing gears will be considered conventional if
thcy consist of:

&, A single wheel or. double co—axial wheels located
on the bottom of the fuselage and dircctly below
(or nearly so) the center of gravity of the glider,
together with auxiliary skids attached to the
bottom of the fuselage. One auxiliary.skid rup-
ning from the wheel forward to the nose, the other
running aft to a point below the wing trailing edge
(approximately), The rear auxiliary skid may be
replaced or supplemented by a suitable tail skid
(Seu Figures .0-2 and .2-14), or _

" be A single main skid on the bottom of the fuselage

which exterds from the nose to & point below the
‘'wing trailing edge (approximately).' This skid

.2‘-5‘4 o | ’
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may be supplemented by a tail skid (sce Fig. .2-14).
~ NOTE: Wing tip skids may be employed if desired.
LEVEL LANDING '

The loading for this condition is illustrated in
Fig. +2=-12. As specified in CAR 05.241 the glider shall
be assumed to be in & level attitude. However, as it is’
difficult to accurately define "level attitude", any
reasonable attitude with the t2il well off the ground

'will be considered satisfactory. If in the level landing

condition the resultant load does not pass through the
center of gravity, it will generclly be acceptable to
apply a balancing couple composed of an upward force acgt-
ing near the nosc of the fusclage and an equal downward
force acting at the same distance to the recar of the -
center of gravity. These arbitrary forces can be consider-
ed as approximately revresenting angular inertia forces )
and may bs divided between the ncarest panal points, if
desired. These forces ere illustrated in Fig. .2n12(a)

LEVEL LANDING WITH SIDE LQAD

The loading for this condition is illustrated in

Fig. .2~13. An zeceptable method of balancing externally

applied rolling moments about the longitudinal axis result-
ing from the side load is illustrated in Fig. .2-13(a).

The forces rasisting angular acceleration are assumed to

be applied by the wing., The arbitrary location shown is
based on the fact that the effectivcness of any item is

"~ proportional to its distance from the center of gravity.
The balancing loads may bc assumed to be vertical, althcough

they actually act normal to a radius’ line through the
center of gravity of the glider.

NOSE-DOWN LANDING _
This condition is illustrated in Fig. .2-14,
HEAD-ON IANDING - |
It should be noted that the load factor specified in

CAR 05.243 (4,0) is an ultimete load factor and not a
limit load factor.

«2=355 .
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R, = 4W CLIMIT)

e © Pz 25 R W CLIMIT)
n/ Ptz PR+ PR (LIMIT)
Fegf
P

ta) - For Wheel Type La.nding Geers

Ry SW (LIMIT)
Py = O.5R =2.5 W (LIMIT)
Pes P} + Bl (LIMIT)

(b) For Skid Type Landing Gears

F1G. ¢Z=12 = LEVEL LANDING
(Refs CAAM 050241)

«2-56 .
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. 2 | . F

T‘___ brfisPan 5l _
E] S v 4 v ma 4 u : % . - HOR.

NoTE
Pvz 4W thMm ,
g = 0167 R, 50.6TW(LIMIT
 Pets R+ P (LIMIT)

F=£ Py

'(a) ‘For Wheel Type La@ding Gears o

HOR,

NOTE:
Py = SW CLIMIT)
Ps = OI6TR, =0.8AW(LIMIT)
P = RE +Pd (LIMIT)

{(b) For Skid .Type Landing Gears

" (Notes See Fige o2-12 for Horizontal Gome
ponents) o

FiG. .z-ls - LEVEL LANDING WITH SIDE LGAD
(Refe CaAM 05.242)

« =37
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WING TIP LANDING
It may be assumed that a limit lood of 150 pounds acts

‘aft at tho point of contact of ono wing tip (or ving skid

if one is used) ond the ground in a direction parallel to.
the longitudinal axis, The unbalanced tum:lng moment ray

-be assumed to be resisted by

8. -'I'he mothods shovrn 1n Fig. .2—15; or.
b. The angular incrt:.a of tha glider.

o MUNUHING AND 'I’OWING IOADS

" The loads spociﬁ.ed in CAR O5. 251 (a), (b), (c), ‘
(d) arc 1llustrated in Fig..R-16. Tho cffects of these

~-leads neod not' bo invest:.gat.ed aft of tho front wing apar. |

It ean bo assumed that a limit recrward acting chord

- load factor of 5.0 is devclopod in shock chord 2nd winch |

13\11101103 .

| .2—58
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~ o Pws%-F
'FN Pa! -@'F

§ T\ L=

Fzdw{hirgig)

= s . NS roinT oF - Rz Sw(LiviT)

PH

Paz. 5R=2.5w(LIMvIT)
P2 PV + P (LmIT)

F"=-§_*Fm.

(b) For Skid Type Lunding Gears

FIGe ¢2-14 NOSE-DO®N LANDING
(Rofe' CAAM 05,243)

| o2a39
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AON TAIL SKID

% g
\\#] v NoTEI :
'5"5/ & P :z_%_g cLmm

% e FRonT WIiNG FITTING
¢
& |
158 1 .
e - T e——
- p——
e o
| . ¥ _(MOST FORWARD POINT
b  SUITABLE FOR THE APPLI-
“ e CATION OF SUCH A LOAD W)
(b) w NOTE:

160 " pP=3T7.5b
=L2.2

FIG. +2~15 = k\ING TIP LANDING
, (Refe CAAM 0B, 245)
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(b)

(d)
~ Notes P = 1200 pounds or 3,0 times the grﬁaa welght, whichever 1s greater (linif.).

FIGe «2-16 = LAUNCHING AND TOWING LOADS
(Refe CAAM (54251)



05,51
-05,810
05,3100

can be obtained from thu following- equations-

. GIVIL AZRONAUTICS AUTHORITY MANUAL

DETERMINATION OF LCADINGS
WINGS T
DETERMNATION OF SPAR LOADING

.. 3e The. -£ollowing method. of detemining the running load on
" the spars of a two-spar, fabric-covered wing has been de- -

veloped to simplify the calculations required and to provide
for certain festures which cannot be accounted for in a less
general method. It will usually be found that certain items

‘8re_constant over the span, in which case 'bhe co&utation

are considerablx s@lified. L

Re The net running load on esach: spar, i pounds per inch run,

Yo = {E: (r-a) + C } q + ne e (ru-j) _Cr (;5—-1)
L Jias
Yp= {cN (a0) = C Joatmoe 0 oo - (.3-2)
T e jTass
Where Y~ net running 1oad on front spar, 1bs /inch., |
¥p = net running load on rear spar, 1bs./inch..
.8y, by, £, J, and r are shown on Fig, .3-1 and are _
all m@-essed ags fractlions of the chord at t.he :
sta‘bidn in quastion. _ ‘ X

(Note: the value of "a" must agree with the value on which
Cua is based.) ' V- ‘

Q- dynamic pressure for the ccndition being 1nvestigated.
Oy and Gy, are the airfoil coefficients at t.he section :Ln :

queation.
Q! is the wing c‘lord in inches.,

e 1s the average un:Lt weight of the wing, in pounds per

‘square foot, ovey the chord at the station in question.
It should be computed or estimated for each area in-

" cluded between the wing stations investigated, unless

the unit wing weigit 1s substantially constant, in which
case & constant value may be assumed,

ng is the pet limit load factor representirig the inert.ia

effect. of the whole glider acting at the CG. The inertia
_ load always acts in a direction opposite to the net air
load. For positively accelerated conditions no will always
be. negative, and vice versa, Its value-and sign are obtained -
in the balancing process outlined in CAAM 05,218,
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TABLE .5-1 o
COMPUTATION OF NET UNIT LOADINGS (consmm)

L o I A e ‘§-§§ o Span

';::Dlatance from root inchas b R

2y '/‘l‘M i (chord in mches) /144

13 i‘raction of chord .

ry fraction of c‘hord -

b=r-tf ==(4)— (3)

a, fraction of chord. (a.c.)

-_3, fraction of chord . ,
= unit vring wt., lbs/sq ft.‘

r-a-(4) (6 “

la~1=(6) - (3)

reg= @

2{5-2=(M-(®

{cr/1ae b - (2_)/(5)_

3. The computations required in using the above method are.
outlined in Tabies .3-I and’ «3-IT; in‘a.form which is con~
venfent for making calculations and for ¢hecking, . The
rallouing wdi’lcations and notes: ‘apply these tables- .

« When the curvature of the wing tip, preverrbs the -
spars from extending to the ‘extreme tip of the
. ‘wing, the effect of the tip loada-on the: spar
can’ easily be. accounted for by exbending the
8pars to wie extreme span a&s hyp toetical members.
' In.such.cases the dimension {f) will becomé nega-
‘tive, as the leading edge will 1de behind the
hypothetical fromt spar.
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L 1(;5g[.
:“(;1=f5'555,

ALL VECTORS ARE SHOWN IN POSITIVE SENSE
' FIG.,3<1 | o

N ‘u.mf SECTION OF A CONVENTIONAL 2-SPAR WING

SECTION SHOWING LOCATION OF ELASTIC AXIS
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be The local values of cN, item 14, .are determined: £m‘
the design value of Cy in accordance with the proper

" span distribution curve. Fig. .2-8{¢) is used for-
~this purpose, together with the value of Ky obtained.
- for this ﬁgure, as outlined in CALW 05 21'?-0-5

c. TItem 15 pmvides for a variation 1n the local value
. Of cuo ' ) ) .

ds. ?'hen conditions w:Lth deﬂected ﬂ.apa are: investigatad,

the value of%overtha ﬂapportionahouldhepro—
" perly modified. For most other conditions cl'a wil:l
‘have a constant value over-the apaxx

: e It will be noted trat. the gross running loads on the
-, , wing structure can be obtained by assuming e to be
zero, in which case items 19, 25 and 30 bhecome zam
¥¢ becomes (18) x (13), ¥y becomes (24) x. (15),
Ye becomes {29) x (2).

05,5201 mmnou OF RUNNING cnonn LOAD.

| " 1. 'l‘he net ohoi'd loading ; in pounds per inch run. can be
doterm:l.ned from the following equa.ta.on-

B [G.., q+ n,;,,2 ] ct/184, (.85

lhez&yc = running: chord load, lbs/:l.nch ‘

' Cc = chord coefficient at each station, The:
proper sign should be retained throughout
the computationa..

Q. = dynamic pressure for the condition being

investigated.

= flet limit cliord load factor approximately
representing the inertia effect of the.

whole glider in the chord direction. The ,

- value and sign are obtained in the balancing
“process outlined in CAAM 05.218.. Note that.
- when Cp is negative, hxo will be positive.

eand cr are: +the same as: inCA.AM 05, 5100.

2 The conq:utations for obtaining t.he chord load are outlined
in Table ,3~II, Ttems 28 to 32.. The fonoﬁ.ng pnints shonld
ke no'bed _

& 'l'he value of. ccf, 1tem 28; can usually bo: assumed-ta
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TAH.;E

5-11 :

cm.mom @F m UNIT LOA‘DINGS (VARIAE.ES)

GONDITION

O¥r(ote) | M0

| G‘g orCP'

-

m—————

——(Refer also o Tale BA)

t1alc

| 35| 6y, (variation with epan)

EREEEETEE
M 7 Mrete) © b(Kb "

6
17
19]

20

(14) x (9)

(8) + (15) N

an=xaq o

mp x (8) x (11)

(18) + (19)

y ye = (20) x (13), 1ba/1mhﬁ:. ]

i_'.m &“par.- ‘ -

25
24

2

RS
R

,(14) X ‘(10)\

(22) - (15$- i

(28 xq

‘ng % (8) x (12)
_”(24} + (25) IRRREEEEE U IR
.Yr = (26) X (18), Tve/ineh "~ | | |

28}
'R9

51

( 58 (variation 'ld.th smn)

Bxp X (8)

(29) + (30)

[Choxd Load

e = (31) x (2, 1bs/1nch R
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,

. be constant over the span..  The only variation
required is in the casge of partisl-gspan wing
flaps or similar devices.

| b. The relative: location of the wing spars and drag
‘truss will affect the drag truss loading produced
by the chord and normal air forces. This can
easily be accounted for by correcting the valus
of Cg &8 indicated in CAAM 05,1R5-A2 and Fg. 4.

DEIMTION OF RUN'NING IDAD AND TORSION AT A GIVEN AXIS

1. ‘l‘he tolloﬂng method can he used 1n oases where it 18

desired to compute the rumning load along any given axis,

mtogether with the unit value of the torsion acting abcmt ‘that
s.

2. As shown in Fig. .3-2, x denetea the location of the rafor-
ence axis, expressed as a fraction of the chord. The net run=
-ning load along the locus of the points x and the net running

- torsion Bbout’ thess points are: tound fm the follwing

aquations: | ) | ,
" (GH q + ng e) - L | (.5...4)
144

-

.
Ry '{Gn (HJ * Gua} q + ’32 ° m—ﬁ}j };i;}*ﬂ’ {9?5“5}

is in pounds per ixzch .

.1is in inch pourds per inch run. ‘
18 expressed as & fraction of thé ch:rd,
is the wing chord, in inches.

Yhers y

m?w

~

e

The remaining symbola ars expm,mv in

CAAM 05,3100, (As noted previously, ns will
alweyz be negative in positively acaelerated
conditiops,) = L

8 '.l’he com::tations required for thia form of analyais can =
be convenlently carried out through the use of tables similar
to Tables .3~ and .3-II." The items appearing in each table:
would bo changed to correspond to the equations glven in 2
‘above. The emputation of the running chierd load can bs

zads in the mepner’ ont.limd in CAAX 05.5101» .
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CONTROL SYSTEMS . .
FLIGHT CONTROLS

- The minimum loads to be used for the design of flight-

" control systens are covered in oaR 05.230-233 and CAAM 05,230~
‘”255.

SECONDARY CONTROLS:
- The minimum loads to be used for the design of secondary-
control systems are covered in CAR 05.234 &..65.285 and
GMM 05.254 & 05,235,
FUSELAGES
WEIGHT DISTRIBUTION

A2 ma;}or itema of weight afi‘ecting the i\zselaga +ghould

. be mo distributed to convenient panel points that .the true
- center of gravity of the fuselage and its contents is main-

tained. .A suitable vertical division of leads should be in-
cluded. The following rules should be followed in comput* ng

' the panel point loads for conventional gliders:

‘as The weight of an item located between two adjacent
panel points of the side trusses should be divided
between those panel points in inverse proportion
to the distance from them to the center of gravity
of the item.

be The weight of an item supported at thres or more
- panel points should be divided betwsen those points
by the aid of an investigation and analysis of the
method of support, if practicable. When & rational
analysis is not possible, the division may be
'est.lmated.

¢, In all cases the moment of the partial panel loads
due to any item aboub an origin ncar the nose of the
fuselage should be equal to the moment of the item
about that origin. o

ds 411 loads may be assumed to lic in the plane of

symnetry and to be-divided oqually between the twy
vertical trusses of ‘the fuselage.

£3=7
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' STRUGTURAL' ANALYSES
eeptable ma'bhods for cmputing tha a.llowable loads

sses comaponding t,o the minimim mechanical ‘pro-
tigs of various materials are given ‘in the Army-Navy-

. Commerce Publication ANC-5, "Strength of Aircraft Elements®,

- ' _obtainable from the: ﬁuperiptendent of Docum.ents, Wash:.ngton,
o D.G. e for twen+y-ﬁve cants'. S

mer or mss |
: ommz. |

" Proof of wings by atmct,ural analysis only should be-
in accordance with GAR 05 32. "'he following points are
_pertinent A co : L

i 1. Joint slippaga in wood beama. ‘When a joint in & wood

transmit bending from one section of -
0. the fuselage, the stresses in,
trioture should be calculated ofithe -

-,"'asaump'bion that the joint is 100 per coent e@ffieient and -

. also under the assumption that the bending moment trans-

- mitted by the joint is 75 per ¢ent of that obtained under

“the éssumption of perfeot continuity. Each part of the
‘structure should be. designed to. carry the mest: severe

| - loads detemincd from t.he above assumptions. ‘
-'2. Bolt holes. In' eomputing ‘the area, moment of 1nerbia,

ete., of wood beams pierced by bolts, the diameter of the
bolt hole should be assumed to be one-sixteenth inch greater ‘
‘than the diameter .of the bolts | :

3, In computing the ability of box- beams 4o resist bending -
loads only that portion of the web with its grain parallel
to0 the beam axis and one-half of that portion of the web
with its graip at an angle of 45° to the beam should be con-
‘sidered,  The more conservative me'thod of neglecting the

e :web antirely may be employad.

4. Drag trusses, Drag strute should be assuned 56 haye an

E - end £ixity coefficient of 1,0 except in cases of unusually
| rigid vestraint, in which a coefficient of:1.5 may be used.
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DETERMINATION OF LOADING CURVES LR RS TR

1. The loading curves can be determined by the gergral

methods given in CAAM 05,310, but for simplicity, a dlrect
comparison of the Beam, Ghord -and . Torsion -coafficlients
times the respective factors will ‘give an-irdication.of.

“which conditions are going to be. eritical, -especially- for
a single spar design. Thus, it may bo possible te. ellminato

'ono or more conditions boforo plotting ~the. aotual ourvas.

2+ The distribution of the wing ooad weight can be ostimated

and shear and moment curves plotted, The dead weight cuxrves - .-
times the dead weight load factor n2 in the beam and chord
directions are subtracted from the total respective limit

~beam and chord load ourvas to obtain tho "net" limit load

curvaes,

5, It will simpllfy the curves somowhat to figuro and _
construct all net wing shear and moment curves to the root
of the wing, even though it may be externally braced. The
loads in the strut and its effect on the wing curves can

be superimposed on the 1atter to detenmine the final oqrvas.

4. In constructing shear curves from a curved running 1oad,
it is necessary to integrate the loading curve to. obtain: T
the shear, or to approximate the curve with & series of . o
straight lines so that it can be calculated as a series of
trapezolds, Moment curves are developed similarly from the
shear curves, o A

TWO SPAR WINGS
Methods‘of-anaiysis:fOr conventional two;apaf wingo St

- are contained in standard textbooks on airplane: structures.

WOOD SPARS

1. The allowable total unit stresses in spruce members sub-

'jeoted to combined bending and compression is oovered in -
ANC 5, Sec‘blon .41, : ‘ : .

METAL SPARS o | R | .
1. The values of EI used in the oomputations should preferw

ably be determined from a test on'a section of beam subjected
to loads in the plahe of the beam and normal to its axis. Im
such tests it is recommended that the bteam be simply support-
ed at the 1ift truss fittings and subjected to equal con-

«3-9
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such magnitude that the maximum shear and bending moment on
the test specimen are in the same ratioc as are the maximum
primary shears and bending moments on the correspending spans
of the beam in the airgr:ft. If this is not practicable, the
shear on the test beam should be relatively larger than in

" the airer:fte The deflections in the test should ba read to

the degree of precision necessarx to obtain computed values
of EI which are accurate within = 5 per cent.

2. When such a test cannot be made, the value of EI may be

~ computed from the geometrical properties of the section and

the elastic properties of the material used, but before being

‘used in the formulas for computing deflections, shears, or

secondary bending moments, this value should be multiplied
by a correction factor to allow for shear deformation, play
in joints, and lack of precision in computing the geometric

- preperties of irregular sections. The correction factors

recommended are 0,95 for boams having continuous webs that

are integral with the chords, extruded I, and similar beams,
0,85 for built—up plate girders having contlnuous webs

connccted to the chord by riveting; 0.75 for beams with webs
having lightening holes of such shape that the beam cannot

'be analyzcd as a truss.

8. Thin-web metal spars may be analyzed in accordance with
the theory of flat plate metal girders, under the assumption
that diagonal tension fields will be preduced by the shear
forces., For information on this subject see NACA Technical
Note No. 469. The analysis should cover the attachment of
the web to the flanges.

. D-NOSE SPARS

TWO FLANGE TYPE - »

l. Basic Principles and Assumptions,

Insofar as the structurel analysis is concerned, the D-nose
gpar with two flanges may be considered as the combination

‘of & beam‘rfiangea and vertical web) and a torsion box
;(1eading edge skin and vertical web), A typical structure

of this type is shown in Figure .3-3. In the analysis it

" "is agsumed thet the spar does not taper and that the

structure is symmetrical, insofar as the two concentrated
flanges arc concoerned, about a horizontal axis (a principal

axis), It is further assumed that the structure is of such
- a nature that the engineering theories of bending (flexure
,tbrmula), shear and torsion (membrance formila) are applicable.

«5-10
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- e Detailed Msia for Beam Ioads.

For the o..a.se of beau lom?ing, only, tha spa.r will be sub-
Jected to a force P (see Fig, .3=4). For the purpose of
practical structurul amdysis, it is desirable to replace
the force P by a force § acting in the plane of the web and
a torsional moment (or couple) acting about a point in the
web, This conversion ie illustrated in Figuro .3-4.

&a. Stress in Ioading Edge skin.

In this case, where the bending material is con=
centrated in two flanges (top and bottom of web),

" the leading edge skin will be stressed primarily
ty the torsional moment M, (Actually the leading
edge skin adjacent to the flanges will be stressed

by ‘the bending loads.) The stress in the skin

j cago be obtained from one of the formulas given
below;

(1) If tke stmimre and :na@itudo of the torsional
moment are such that the sltin does not wrinkle
- under load, the skin will be stressed in shear

- and -the following formua will apply: =

fon * 2 (Meabrene Porwala) - (,3-6)
Wnere: T = the torsional moment in inch pounds,
A = the area enclosed by the leading =~
edge skinandthewebinsquaro '
inches,
ty = the thiclmesa of the loa.d.ing odge

’(2)Ifthesk1nwmﬂesunaer1oad 1t will be
stressed in tension (tension ﬂelds). and the
following fomula will apply 4 ;
| ftna R ( 3—7)

Yor obvicus mm the ;kin'shom ot wrinklo B
approoio.bw when ntressed below the 11mit J.oad
b, Strou in Gonoantra.ted l‘langas. N

If the stmtm-o 1 riot. subjected to axia.l loa.dt and fo
does’ not: taper-in depth, the flanges will be stressed -

prinarily by the bendmgloao. The flange stress can

o312
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be detemined from the follawing formla- _
fb Uy (Flexure Formula) '_ ( M)

; where M = the bending: moment in in’ch pounds. =2

¥y = the distance from the neutral axis to
the flange fiber being investigated in
inches, = (Obviously the outermost (or
extreme) fiber will be most highly

. 8tressed).

- Ix = the moment of inertia of the flanges
about their neutral axis (the X~X axis)
1n inches to the fourth power, .

If 'bhe ﬂ.ange material is concentrated, or nearly so,

the above formula closely approaches- :

 hdg

where h = the distance between the centroids of
: the two flangea (upper and lower) in
inches. '
~ Ap = the cross. sect.iona.l area of the flange
“in question (upper or lower) in square
_ inchea.

fb- '} , ':(..5-9)_

Stresa in Weh.

The web 'will be stresséd primarily by the shear S and
the torsional moment T. (In certain cases it may be

desirable to investigate the effect of bending at the

Junetion of the web and the flanges.) The stress in

-the web can be detem:l.ned from one of the formulas

given below,

(1) If the structure and the magnitude of the loadings

are such that the web does not wrinkle under load,
the web will be strossed in shear and the follow-
ing formzla“ will apply:

£, = 80 47T o ‘
s,, ﬁ%—w = (.5_-10)_

‘whero S ' the shear in pounds.
© '@ = the static moment about the ncutral
- axis of the soction effective in bond-

, ing above ar below the pomt in qucstion

™
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in inches cubed. (For the |

' remaining symbols, aae a and b
ST &boveo) o

It the flange material 19 ooncentrated the ahove '
fomﬂa. boeomesz

f =2 S I:T .. ,.(03‘"11
) Ft*."“,m“ IR T )

w
whare h = the dspth of the web in mches.

(2)- If the web wrinkles under load it will be
- stressed in tension (tension fi.elds), and t.he
followl.ng formula will apply '

T =

tw ‘T" + At
Effact of Taper. | '

The effect of taper in ‘spar dept.h is twofold namely:
(1) a decrease in the amount of beam shear resisted

by the vertical web, and (2) a relatively slight
* Increase in the a.xial loads in the flanges of the

(1) Referring to Figure. .3-5 1t can be seen that the
. ghear $!' carried by the web ofataperedbeam is
. expressed by the following formulas: .

S'-S-(PUtana. PLtanB) (3-13)

where S =z the axternal shsar a.t the section 1:1 o
- ~ pounds, - .

PU “the horizontal component of tl'n axlal '
load in the upper flange due to bend-
ing in pounds. (It may be obtalned
by multiplying the stress determined
from Formulas ,3-8 or ,39 by the
CTro9s se'c.tiona.l are;a of t’he upper‘

PL = t.ha horizontal component of the aad.a.l |

load in the lower flange,
(For & and 8, see Figure .3-5.)
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(2) Although the effect of taper on the axial load
‘in the beam flanges is usually so small that
it can be safely neglected; it should be con-
sidered in the snalysis of the critical sections
of highly tapercd beams. The true ‘axial loads
in the flanges, Py' and Pr'; can be closely
approximated from the following formulas: '

Py' = Pyseca (43-14)
and |
P! = P scc B o (43-15)

- _ For. the meaning of the szrmbols, see Fomula
(. 5-13) and Figure .3-5.

a, Effect of m&l I-Q&do

If the spar is subjected to an axial load P in addi-

tion to the shzar and bending moment, the flange g

stresses can not be determined from the formulas given

above. The flange streaseca can, however, be obtainad

frcm the following formulas: . _ .

=My +P. . (.,316)
Ix A - :

‘Whers ll' = the reecisc bending moment in inch
unds.” (The precisc moment includes -
thu effact of aecondary bbnding due to

' the axial load), 3

"P = the axial load inpounds. R - v

‘A" = tho cross soctional arca of the ﬂangea : '
' - (uppor and lower) in squarc inches.
EFO-I-‘B t)'.t):e mr.-aning of the othar symbols, see Formula

% B _

- 8 Detai;g ;Aggxgis fgr ghord _n_:ads. . L o -
4 chord. loading w1l subjef't the D-nosc spar to both bending . . .
- and shear stressss. The rcaulting stross. distribution is - ~
alf:own in Figurc .5-’6. -
'a. Banding Stressi

The stress due to bending can be determined from the7 -
followlng i‘omula- _ ] |
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| y
where M = the bending moment about. the I-Y axis in
' s dneh pounds, -

" the distance from ‘the. nput.ral axis to the
fiber being investigated in inches. (In
- general, the most forward portion of the
leading edge skin (an external fiber) will
be the most highly stressed).
Iy the moment of inertia about the neutral
¥ - axis {the'Y-Y axis) in inches to the fourth

power.

* .
| }

-~

b. Shear Stress

Tha straas daé *bo shear can be detemined frcm the
following formula:

where .-i-_S. = the. pnear in pounds. T
- Q= the static momsnt about the neutral _
. axis. of the .section above or below
. -the point being investigated in
. 7 “inches cubed.: - .
4. = the thickness. of the 1eading edge I

S n skin in inches.

o  '4. Combined I.oading_s_

"~ In. the general case, a D—nose spar may be subjected o the e
~.loadings shown ‘in Figure..3~7 fogether with an axial load P. . -
- The ‘effects of these loadings and the p.artinent formulas
for determining the correeponding stresses can ba detﬂmined -
_ rrom Table .S—III. _ o :

- 8 I.i.mitationa of Formulas. o

The accuracy of: the foregoing i‘ormulas will not .be high in
. the vicinity of the root of the spar because the actual stress
- distribution will differ considerably from the assumed: dis~
-tribution, It is, therefore, recommended that high computed -
margins of safety be maintained in the root _reglon, The theory
also breaks down to somc extont if strase conccntrations are :
prosent, ‘Thercfors, the design should be of such a naturs that.
serious stress concentrat.ions will not exist. ' _ ‘

2317
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 TABLE .3-IIT |
LOADINGS, mz OF mms mm Pmmm Fomwm FOR D-NOSE SPARS

=18

A T
_ | '\ JMY ,
x [
. S
Component, _:__Type of Stress Formila
L. E. Skin Shear or Tension (.5—6) or («3-7)
"o L1 B Beam#AxialInad no " 7 "
(5, Mx, T& P) |
nonoom Ohord"(Sc &My) : ‘Shear & Bending g. g and
“Flanges " Beam (S, Mg & T) ‘ ._Axial {due to bending) ( :5785 or 1.3 5-9)-
" Beam & Axi2l Load "  (due to bending) |
(S, My, T&P) and axial load ( 3—16)
no Chord (84 & My) | Axial (due to bending)| “(.3-17)
Web Beam (S, My & T) | Ghear or Tension ]( ..%10) (s 5—.117
: L . lor ,_.(.5—12;) c
L 'Beam + Axial Load I L (5-10), (.3-11)
Z o (é &My) | Axial (due to bending)|  (.5-17)
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B DETERMINATION OF AILGI"ABLE STRESSES AND MARGINS OF su'm

- de Mmb;],g St.;_'gsgeg.

& In order to determine the allowable atresaes for
the leading edge skin, & representative section of
~the D-nose spar should be static tested for the '
following loadings (the length of the test specimen .
should not be less than four times the width (or
chord) of the spar):

(1) Pure torsion (T) to establish allowables for
torsion and chord shear in the leading edge
skin.

(2) Chord bending (My) to establish the allowable
bending stress for the leading edge skin. If
chord shear (Ss) is also included in this test,
it should be kept low as compared with +the chord ‘
bendirg. :

B In order to determine the a].'l.owable stresses for the
‘flanges and the web, if necessary because the web is
unconventional, a specimen representing the web and
- flanges should be stat.ic tested for pnra beam 1oa.ds

" (M and 8).

8, In order to detemine the goneral behavior of the o
entire structure, the complcte spar should be- proof
'bested for the crit.ical condition(s)

i d. The fomulas cOVered 4in Table I should be - used to
computz the allowable stresses. Of course, the

teffective! arcas used in such computations should
be consistent with t,hose usad in the final stress

analys’is' :

2. lhrg;ns of Safetx.
Leading Edge Skin.

- The M.S. of the L.r.. skin will be positiva if-

(fb) +' (fs) “ 100

B

319
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‘eompliance with yield requirements.‘ Inasnruch as marv
~ control surfaces do not lend themselves to rigorous
analysis, it is recommended that gtirength tests be con-
- ‘sidered: for proving compliance with the ult.imat-e load
- requirementa.

The. analysis and testa shduld include the horna, -and
should demonstrate compliance with multiplying fact.ors
of: safety requirementa contained in CAR 05.27. .

05,3221 - 'nmvwcmn OF HINGE POINTS

© In analyzing movable pontrol. aurfaces supported at.
several hinge points, care should be taken in vhe use of
the "three-moment" equation. In general, the assumption
that the points of support lie in 8 straight line will give
misleadin.g results, When possible, the effects of the
defloction of the points of supporb should be approximated
in the analysis,

05,3222 RIGGING 1OADS .

_ The: effects of initial rigging loada on the final in-
temal 1loads are difficult to predict, but in certain cases
mey be serious enough to warrant secme investigation. In
this connection, methods based on least work or deflection
theory offer the only "exaet" solution. Approximate methods,
however, are satisfactory if based on rational assumptions.
As an example; if ‘a certain counter wire will not becomo

~ slack before the ultimate load is reached, the analysis can
be conducted by assuming that the wire is replaced by a
‘force acting in addition to the external air foices. The
‘residual load from the counter-wire can be assumid to be a
‘certain percentage of the rated load and will: of course be.
rless than the initial rigging loa.d. ,

05.523 PROOFOF CONTROL SYSTEMS
05,3280 GmERAL

Structural analyses of control aystoms 'will Be accopted
as complete proof of compliance with ultimate load require-
‘ments when the structure conforms with conventionsl types

- for which reliable analytical me'bhods are available, Proof
tests as defined in CiR 05,121 ~rc r\quir,,d t') ')rova com=
‘)11 it} LS J.'t-h y‘:.\.ld 1’!‘ @ ro qui.remen'bs- '

CRLD2
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- Notes L
Tw . 80Wxd
where: W = the normal load on ons pa.nel.

FIG. 2o
S - | 2-18

. e
T F 1 1 4
100, %
L1l 1 R
- b !
Note: . | .
d = ocentroid of loading.
1 " !_ 3 i ,
"_’_:z" 1] 7= | |1 70%
| T 1 3 w‘éi I 1 3
— A R— : .
T 7:{7- / I | | .7|a7’- T 1
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S

. ¢ Gy
. |

- _ ACTUAL SEMI-SPAN —
F1G, 2-6: SPAN DISTRIBUTION - NO TIP LOSS.

© GTATION WHERE )
CHORD = DISTANCE "m
70 EXTREME T _/’ T

FIG. .2-7: &PAN DISTRIBUTION - WITH TI? LOSS

. NOTE: . Above .figures apply only to wings.
shiich have mean taper ratios greater than
0,5 and without aerodynamic twist,

FIGS. .2-6 and ,2-7 - SPAN DISTRIEUTION OF Gy FOR WINGS.

215
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Army-Navy-Civil publication ANC-1 (1), "Spanwise Air

-Load Distribution® (obtainable frem the Superintendent

of Documents, Washington, D. C., at the nominal sum of
60 certts), in NACA Technical Reports Nos. 572, 585 and 651
and NACA Techn:cal Note No. 6086,

5. When the normal force coeff:.clent is assumed to vary '
over the span, the values used should be so adjusted as to
give the same total normal force as the design value of
Cy acting uniformly over the span. (See CAAM 05,217-C for
additional information).

4. V-'hen Figs. .2—-6 and .R~7 are used the chord coefflc:.ent
‘shall be assumed to be constant along the span.

- 5, For nngs having aerodyriamic twist (not geometric tmst),

it is very important that the effect of twist (wash-out) be
considered in the investigation of the wings for the negative
-conditions (see CAAM 0s. 2154)

CHORD DISTRIBUTION

l. The approximate method of" chord loadlngs outlined in
CAAM 05.3 for the testing of wing ribs is suitable for con-
ventional two spar. construction if the rib forms a complete
- truss between the leading and trailing.edges. An investi-
-gation of the actual chord loading should be made in the

. case of stressed-skin wings if the longitudinal stiffeners

- are used to support direct air loads. In seme cases it is
neceasary to determine the actual distribution, not only
for total load hut for each surface of the wing. If wind
tunnel data are not available, the methods outlined in
NACA Reports Nos. 383, 411, and 465 are suitable for this
purpose, These me‘bhods consist in determining the "basie"
pressure distribution curve at the "ideal" angle of attack
and the "additional® pressure distribution curve for the
sdditional angle of attack. These curves can be coordinated
with certain values of Cp, so that the final pressure dis-
tribution curve can be obtained immediately for any Cr.
Curves of this nature for several widely-used. airfoils can
be obt.ained directly from the NACA.

2. Leading E:lge Ioads. Gn high speed gliders the leading
edge loads developed may be exceptionally severe, parti--
cularly the "down" loads which are produced by negative

gusts when flying at the design gliding speed. - The magnitude
of such loads can be estimated, without determining the entire
chord distnbution, bty the me'bhod outlined in NACA Report No.
: 415. '

.2-16 .
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3. Effects of Auxiliary Devices; When a design speed higher

than required is used in- connection with.wing flaps or other

auxiliary devices, it will be ‘necessary to determine the

- chord distribution over the entire airfoil., The effe¢t of

~ any device which remains operative up to V, should be care-
fully investigated. This applies partlcularly to auxlllary

airfoils, spoilers, and fixed slots.

DETERMINATION OF RESULTANT AIR FORCES.

1. A general mathpd is outlined below for determining the
mean effective value of the normsl force coefficient, the
average moment coefficient, location of the mean: aerodynamic
center and value of ‘the mean aerodynamic chord. These factors
are_needed in order to determine the balancing loads for :
various flight conditions (see CAAM 05.218). IThe most peneral
-ecase will be considered, so that certain steps can be omitted

‘ : forms-or .8pan load dzstrlbution curves are -

involved

2. In General, the summation of all fbrces acting upon & wing
can be expressed as a single resultant force acting at a
certain point and a cocuple, or moment of air forces, about
this point. If the point is so chosen that, at constant
dynamic pressure, the moment of the air forces does not
appreciably change with a change in the angle of attack of the
airfoil, the point can be'considered as the mean aerodynamic
center of the wing.  The resultant force can be resolved into
the normal and-chord components and represented by the average
coefficients Cy and Co, While the moment is represented by ‘
the average moment coefficient; Cy, multiplied by & distance
which can be considered to be the mean aerodynamic chords The -
values of ‘the above Quantities and the location of the mean
aerodyramic center will depend on the plan form of the w1ng
and the type of span distributlon curve useds -

5.,Fbr donvenience and clarification, Table . 2 I has been
developed and the various curves obtained as a part of $his.
method are illustrated in Figs. .2-8, .2-9 and .2-10. It
should be particularly noted that when the area under a

curve is referred to, the area should be expressed in terms
of the product of the units to which the curve is drawn.‘ The -
procedure is as: follows' :

a. Fig. .2—8(3) illustrates the actual wing plan fonm,
plotted to a suitable scale. This should agree with
the deflnition of desmgn wing area given in CAR 05.101.

N

« =17
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(b)

.@)

FIG. 3-8

ey —

— DETERMINATION OF EFFECTIVE NORMAL FORCE COEFFICIEW?

(REF. CAAN 05.217-C3)

- oR=18
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Fig, .2-8(b) shows the variation of'wing chofd, c,

with span. The values of C are entered in Tsble .2-I

" as item (2). The area of the figure should be

accurately determined and converted to the proper

units, It should be cne-half the value of design

_ Wing area, ' :

Ce

Fig. «2-8(¢) represents an assumed épan distribution -

- curve, The factor Rp represents the ratio of the

.4

aoctual Cy at any point to the value of Oy, at the

root of the wing. Values of Ry from this curve are
entered in Table .2-I under ltem (3). ..

Fig. .2-8(d) is obtained by plotting RyC (item 4) in
Table .2-I against span. The ordinates of this curve .
are proportional to the actual force distribution

over the span. The area urder curve .2-8(d) should.

be accuretely determined and expressed in the proper

units. Ky, the ratio of the mean effective Cy to the -

value of Cy_ (at the root), is obtained by dividing

 ‘the ares under curve .2-8(d) by the area under .2-8(b),

8,

f.

using the same units of measurement for each area.
This value of K, is indicated by the dotted line on

_curve ,2-8(c).

To determine the Jocation of the mean aerodynamic
center along the span, Fig, .2-9(a) is drawn. The
ordinates are obtained by multiplying the érdinates

of curve .2-8(d) by their distance along the span,

as shown in item 5, of Table .R-I. The area under
curve .2-9(a) divided by the ares under curve .2-8(d) .
gives the distance. from the wing root to the chord

on which the mean aerodynamic center of the wing

panel is located. This distance is indicated on

Fig. .2-8(a) by the dimension B, '

The locus of the aerodynamic centers of each individual
wine chord is plotted on Fig. .2-8(a) as the dotted
line A-B.- In Table .2-I the distance "x" from the
base line O-E to the line A-B is entored under item 6.

Fig. .2-9(b) is now plotted, using as ordinates the
values of Rp Cx obtained from item 7 of Teble .2-I,

The atea under curve .2-9(b) divided Yy the ares under
curve ,2-8(d) gives the distance of tho mean &ero-
dynamic center from the base line 0-E in Fig. 2-10(2),
This distance is indicated as ¥ on that figure.

seml8
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N6,

TBEMI-SPAN

(1)

Span = b

_Root e MD

(2)

Chord . C

By

Ry C = (3) x (R)

Ry, C b = (4) x.(I)

X

(7)

Ry Cx . (@) x (8 |

(8)

'cz - (2)2

(9)

Cy

(10)

o = (@) x (8) | I R .

TARLE o2-1

DRTERKINATION OF RESULTANT AIR FORCES
(Ref. CAAM 05,217-C)

R0
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h, If it is assumed that the moment coefficient about
the aerodynamic center of each individual chord is
constant over the span, the magnitude of the mean
aerodynamlc chord is determined by means of Fig.
.2-9(c). The ordinates for this curve are deter-
mined from item 8 of Table .2~I. The area under
curve ,2-9(e) divided by the area under curve
+2-8(b) gives the value of the mean aerodynamic
chord. By way of illustration, it is drawn on
Fig., .2~8(a) so that its aerodynamic center co-
incides with the location of the mean .aerodynamic
center of the wing panel.

i. In cases in which wing flaps or other auxiliary
high-1ift devices are used over a portion of the
span it is desirable to obtain the mean effective
moment coefficient. This is the coefficient to
bte used for balancing purpcses in comnection with
the mean aerodynamic chord previously determined
under the assumption of a uniform moment coefficient

" distribution. In Table .2-1 under item 9 the local
values of the moment coefficient about the aero-
dynamic center are entered., These are also plotted
ag Fig. .2-10(a) to illustrate a type of distribu~
tien which might exist.

j» Fig. .2-10(b) is plotted from the values indicated

- under item 10 of Table .R-I. The area under this
curve divided by the area under curve .2-9(¢) gives
the mean effective value of the moment coefficient
for the entire wing panel.

k. In the case of twisted wings a different span dis—
tribution exists for cach angle of attack. The
location of the resultant forces can, however; be
determined in the 2bove manner for any lmown span
dlstrlbution.

BALANCING LOADS -
GENERAL

.1s The basic design conditions (sce CAAM 05.21%4) must be

comverted into conditions representing the external loads
applled to the'glider before a complete structural analysis

can be made. This process is commonly rcferred to as

"balancing" the glider and the final condition is referred
to as 2 condition of "equilibrium". Actually, the glider
is in equilibrium only in steady unaccelerated (constant

- 2""21
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¢

"C'ﬁ“" ‘ o ) */(a.')-

-CpC*

(b)

FIO, .2-10 - DETERMINATION OF MEAN EFFECTIVE UOMENT COEFFICIENT
| " (Ref. CASM 05.217-C3) |

+2=25
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_speed). flights: in accelerated ‘conditions both linear and
angular: accelerations ‘act to:change. the velocity and attitude -
of the glider. It is customary to represent & dynamic con-
dition, -for structural purposas, as a static condition by

the expzdient of assigning to:cach item-of mass the increased
force with which it resists accelération. Thus if the total
load acting on the glider in & certain direction is "n* times
~the total weight'of the glider, each item of mass in the glider
is assumed:toiact on the glider structure in exactly opposite
direction and with a fbrce equel to "n" times its weight.

2, If the net resultant momont of the eir forces acting on the
glider is not zero with respect to the center of' gravity, an.
angular acceleration results, An oxact analysis would require
the computation of this angular acceleration and its applica-
tion to cach item of mass in the glider. 'In general, such an
analysie is not necessary except in certain cases for un-
‘symmetrical flight conditions. The usual expedient in the
case of the symmetrical flight conditions is to eliminate the
“:effects of the unbalancod couple by applying a balanéing dond
near the tail of the glider in'such a way that the moment’
of the total force about the denter of gravity is reduced to'
zcro. This method is particularly convenicnt, as the balaneing
tail load can then be thought of either ag an aerodynamic force
from the tail surfaces or as a2 part of a. couple- apqroximately
.represcnting the ‘angular inertis Torces of the masses of and’
in the glider. Considering a gust condition, it is probable
that angular inertia forees initially resist most of the un~'
balanced couple added by the gusit, while in a more or less
isteady pull-up ‘condition the balancing tail load mey consist
Jientirely of a. balancing air load from +hc tall surfaces.

'-iziamn’cmc THE GLIDER | | R
1, The" following considerations are 1nvolvcd in balancing
the glider._.:‘ j;___ : _

&. Tt is asaumsd that tha 1imit load fhctors snecified
© + for ‘the basic flight conditions (CAAM 05, 2134) ape
wing load factors., A" solution is therefore made for
~-‘the net load factor acting on the whole: glider. The
‘value so detsrmined ‘ean” thon bo used’ in connedtion
- with each item of weight (or with each group of itama)
4n analyzing tho fuselage.: For-balarcing purposes the
“net factor is assumbd to act at tho centor of gravity
“of the glider. mn;,w.. FARRERE e T

b. Assuming that it is possible for a load to bo acting

' “in thoe opposite direetion on the clevater, it is
recommnnded that the center of pressure of -the

224
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horizontal tail be placed at £0% of the mean chord
of the entire tail surface, This arbitrary location
may also be tonsidercd as the point of application
of inertia forces resulting from angular accelera—
tion, thus simplifying the balancing process. :

Ce In-Fig. .2-11 the external forces are assumed to be
- .acting at three points only. The assumption can
- generally be made that the fuselage drag acts at
the center of gravity. When more accurate datd are.
avallable, the resultant fuselage drag force can of
course be computed and aprlied at the proper peint.
In cases where large 1ndependent items having con- -
giderable drag are present it is advisable to extend
the seteup shown in Fig. .2-11 to include the addi—
~ tional external forces.

2. As shown in Fig. «2-11, & convenlent reference axis is the
basic chord line of the mean aerodynamic wing chord. (The
‘basic chord line is ustally. specified along with the dimensions
of the airfoil section). The determindtion of the size and
1ocaticn of the MAC is outlincd in: CAAY DS, 217—6. :

5. A tabular form'will simplifv the COmnutatlons required to
obtain the balancing loads for various flight conditions, A
“typical form for this purpose is showm ifi Table .2-II. In .
using Fig. .2-11 and Table .R-~IT the follow:ng assumptlons

and conventions should be umploywd '

&, If known distances or forces arc opnosite in direction
' from those shown in Fig. .2-11, 3 negative sign should
~ be prefixed before inserting in the computations. For
instance, in the case of a lcwaw1ng moncplane, , will
~ have a negative sign. The dircetion of unknown forces
. will be indicated by the sign of the value obtained
from the equations, A negative value of ng will
usually be determined from the balancing process, in-
‘dicating a down load on the tail: . For conditions of
positive acccleration tho solution should give &
. nagative value-fof np, as the inertia load will bo
‘acting downward.. Ths convention fbx~ni corresponds
to that used for momsnit cosfficisnts; that is, when
the walue of C,, is negative By should also be negative,
indicating & df#ing mcmcnt.

be 411 distancefs should be dividsd by thc MAC Before
being used in the computations.

‘, c. The chord load acting at the tail surfacoes may bc .
. ‘ncglectad. " _ _ ‘ _ _ -

;2—25 ;
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@ Aerodynamic center of M.A.C.
_ ® Center of gravity of entire u.rpmn
@ Aslmd CaPs of tatl mmo._

o = angle of attack s degrees (shown positive).
£ = gliding angle, dsgrees. ,
n = foroe/M (positive upward and rearward),
n= hment{lr (positive olookwise as shown).
X - ‘horizontal distance fran@ (positive rearward),
h = vertioal distance from(D (positive upward),
All distances are expressed in terms of the M.A,0,

FIG. .2-11 BASIC FORCES IN' FLIGHT CONDITIONS
(Raf. CAAM 05.218-B)
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4. Computation of Balancing Ioads. In Table .2-II the
computation of balancing luwds is indicated for typical

~ flight conditions. The equations are based on. the fact
“that the use of the avcrage ferce coefficients in con- -
nection with the design wing arca, mean acrodynamic chord,
and mean &credynamic center will give resultamt.forces . -
and moments of the proper magnitude, direction and
location. Provision is made in the table -for obtaining

- the balancing loads for different design weights., The
table mey be cxpanded to inclide computations for several
loading conditlons, special flight conditioms, or con-
ditions involving the use ‘of auxiliary devices. It ‘should
be noted that a change in the location of the CG will re-
quire a corrbsponding change in the values of xp ‘and hg on
Fig. .2-II. (Condition IV, Neg. L.A.4,, will usually
result in the largest balan01ng tail load.)

a, When the full-load center of graviity position
varies anpr001ab1y the glider should be balanced
for both extreme positions unlecss it is apparent.
that only one is critical. In gcneral, only one
center of gravity need be considered for single .
place gliders. In special cases, it may alse be
necessary to check the balancing tail loads re-

“quired for the loading conditions which produce
the most forward and most rcarward center of
grav1ty p031t10ns for which approval is desired,

5. The following explanatory notes refor. by nuﬂber to itcms.
appearing in Table .2-IT:

(4) The wing loading s should be based on tbc dbSlgn
wing area. _

(5) m = limit load factor required for the condition
‘ being investigated, (See CAR 05,R12 and’
CAAM 05, 2154) ‘ .

(8) Determinc CC as 3pec1f1ed in CALM 05, 2154. Sec
also Eq. 6, CAAM 05,1-C. | e

-(io) The value of Cf; is specified in cAAM 05,2134,
See also CAAM 5,217-C in ‘cases_involving wing
flaps. SRR ‘

(12) The net tail load factor ng is found by a sum-

mation of moments about point (R) of Fig. .2-11,
from which the following equation is obtained:

o227
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. . this requirement the "fin" is considered to

.~ include any rudder bilance area shead ‘of’ the
B extended trailing edge of the fin. '

" b, The chord distribution speciﬂed in CAR Fig. 05-1 _
. 1s applicable to those cases in which the'mean - - : )
chords of the effective’ fin and rudder areas are '
of approximately the same magnitudes. When this ‘
t ¥ refers to-“ e

. the average 1imit pressure over the total effective

. area of the vertical surface. The total loesd act- .
ing is therefore equal %o W times the total effective
area. This load is, however, ap»lied to the fin only,
in accordance with the specified distribution. e

. ¢+ When the mean chords of -the effective fin and rudder .
_areas are of considerably ‘different magnitude, the -
chord distribution for a symmetrical airfoil should =
- be used, This distribution can be obtdined from the
S . . curve marked “experimental mesan" of Fig. 11, NACA
‘ " | Technical Renort No. 555. '_ s

05,224 mcmps

- 1s In the design of wing flaps, the critical 1cading is

ummlly obtained when the flap is completely extended. The =

requirements outlined in CAR OS5 epply only when the flaps

‘are not used at spoeds above & certain predetermined design
speed. As noted in CAR 05,732, a placard is required to in-
form the pilot of the specd which should not be excecded
with flaps extended, Reference should be made to current

" NACA Reporta and Notes for acceptable flap data.

~J

05,225 ~  SPECIAL DEVICES

"1, In lieu of wind furnel data, it is recommended that
. . spoilers and their attachment structures be designed for ,
. thﬂ limit ...oading obtained from the follo* ing formula: .

W m oy 2.
‘.."ap 005? vsp

where: Vp = the l:lmit loading, pst.
V= the indicated airspeed at vhich -

5
i raximm operation of the spoilers
is assumed, mph.

It should be assumed that tho load is uniformlv distributed
o mr the surface. NACA Technical Memorandum No. 926 contains

.2-—52
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information pertaining to dive control brakes.

GENERAL

- The dontrol forces’ Speciflad in CAR 05 are of an
arbitrary nature; hence they may prove to be somewhat ir-
rational in certain cases.’ In generzl, however, thcy. -
reprosent gimplifietl requiremsnts which will result in
satisfactory control systems. If he so desires, the .
designer may use a more rational loading for the design of
the eontrol system. Tho following loadings are considered
satisfactory. The control systams may be designed for
limit loads 25% greater than those corresponding ‘to the
limit loads specificd in CAR 05 for the control surfaces

to which they are attached, assuming the movable surfaces

to be in that position whlch produces the greatest load

- in the control system, cxccpt that the loads should not be

less than those listed below:

a. Elevator: 75 lbs. for¢-and-aft -

b. Rudder: 100 1bs. on one pedal only and
200 1bs, on each pe dal simultaneously

_ c;.Aileron:. 50 1bs. laterally or as & part of a
' couple applied to the control wheel

The control forces soeciﬁied should be apnlied to the

- entire control system including the control surface horns.

e p————

‘The multiplying factor of safety of 1,20 (CAR 05.,271) need

not be applled to thu fitt1ngs in the control system.

In regard to the distributlon of the control force
between the aileroms, the following assum@iions arc con-
sidered suitable:

- &, For non-differcntial ailerons, 75% of the stick
.forec or couple should be agsumed to be resisted
by .a down aileron, the remainder by the other
aileron; also, as a separate condition, 50% should
be assumad to be resisted by an up allﬂron, the
remalnder by tHe other alleron.f

b. For differential ailerons, 75% of the stick force
~-or ‘couple should be assumed to be resistad by each
aileron in either the up or down position, or
- rational assumptions based on the goomctny of the

’ system should be m&de. '

ialms | ,
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FLAF AND AUXTLIARY CONTROL SYSTEMS
1. It is "ecomzanded that the following limit forces be
used a8 minimum velues fof the design of flap and muxiliary
control Systems;
S Flaps oooolooe.c.u-.o.a".oooo 20 lbﬂo_ (See not_e'bBI.OW)
b. Spoilers Ssevsacsrsstaten 50 let (See not-e belov)
ce Hand operated brakea voss 75 Ibs.
d., Foot operated brakes ....100 ibas,
NOTE: The force used for the design of flap and spoiler
control systems should not be less than 1.25 times the force

corresponding to limit load used fbr the design of the sur-
faces. :

2, It should be noted that the flap position which is most
eritical for the flap proper may not also be critical for

‘the flap control mechanism and supporting structure. In

doubtful cases the flap hinge moment can be plotted as a
function of flap angle for various angles of attack within
the design range. The necessary characteristic curves

© should be obtained from reliable wind tunnel tests.

. The dircction of applying'tha control force should
correspond to the direction normally used by the pilot,

GENERAL

In so far as the requirements of CAR 05.24 are con-
cerned, landing gears will be considered conventional if
thcy consist of:

&, A single wheel or. double co—axial wheels located
on the bottom of the fuselage and dircctly below
(or nearly so) the center of gravity of the glider,
together with auxiliary skids attached to the
bottom of the fuselage. One auxiliary.skid rup-
ning from the wheel forward to the nose, the other
running aft to a point below the wing trailing edge
(approximately), The rear auxiliary skid may be
replaced or supplemented by a suitable tail skid
(Seu Figures .0-2 and .2-14), or _

" be A single main skid on the bottom of the fuselage

which exterds from the nose to & point below the
‘'wing trailing edge (approximately).' This skid

.2‘-5‘4 o | ’
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may be supplemented by a tail skid (sce Fig. .2-14).
~ NOTE: Wing tip skids may be employed if desired.
LEVEL LANDING '

The loading for this condition is illustrated in
Fig. +2=-12. As specified in CAR 05.241 the glider shall
be assumed to be in & level attitude. However, as it is’
difficult to accurately define "level attitude", any
reasonable attitude with the t2il well off the ground

'will be considered satisfactory. If in the level landing

condition the resultant load does not pass through the
center of gravity, it will generclly be acceptable to
apply a balancing couple composed of an upward force acgt-
ing near the nosc of the fusclage and an equal downward
force acting at the same distance to the recar of the -
center of gravity. These arbitrary forces can be consider-
ed as approximately revresenting angular inertia forces )
and may bs divided between the ncarest panal points, if
desired. These forces ere illustrated in Fig. .2n12(a)

LEVEL LANDING WITH SIDE LQAD

The loading for this condition is illustrated in

Fig. .2~13. An zeceptable method of balancing externally

applied rolling moments about the longitudinal axis result-
ing from the side load is illustrated in Fig. .2-13(a).

The forces rasisting angular acceleration are assumed to

be applied by the wing., The arbitrary location shown is
based on the fact that the effectivcness of any item is

"~ proportional to its distance from the center of gravity.
The balancing loads may bc assumed to be vertical, althcough

they actually act normal to a radius’ line through the
center of gravity of the glider.

NOSE-DOWN LANDING _
This condition is illustrated in Fig. .2-14,
HEAD-ON IANDING - |
It should be noted that the load factor specified in

CAR 05.243 (4,0) is an ultimete load factor and not a
limit load factor.

«2=355 .
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R, = 4W CLIMIT)

e © Pz 25 R W CLIMIT)
n/ Ptz PR+ PR (LIMIT)
Fegf
P

ta) - For Wheel Type La.nding Geers

Ry SW (LIMIT)
Py = O.5R =2.5 W (LIMIT)
Pes P} + Bl (LIMIT)

(b) For Skid Type Landing Gears

F1G. ¢Z=12 = LEVEL LANDING
(Refs CAAM 050241)

«2-56 .
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. 2 | . F

T‘___ brfisPan 5l _
E] S v 4 v ma 4 u : % . - HOR.

NoTE
Pvz 4W thMm ,
g = 0167 R, 50.6TW(LIMIT
 Pets R+ P (LIMIT)

F=£ Py

'(a) ‘For Wheel Type La@ding Gears o

HOR,

NOTE:
Py = SW CLIMIT)
Ps = OI6TR, =0.8AW(LIMIT)
P = RE +Pd (LIMIT)

{(b) For Skid .Type Landing Gears

" (Notes See Fige o2-12 for Horizontal Gome
ponents) o

FiG. .z-ls - LEVEL LANDING WITH SIDE LGAD
(Refe CaAM 05.242)

« =37
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WING TIP LANDING
It may be assumed that a limit lood of 150 pounds acts

‘aft at tho point of contact of ono wing tip (or ving skid

if one is used) ond the ground in a direction parallel to.
the longitudinal axis, The unbalanced tum:lng moment ray

-be assumed to be resisted by

8. -'I'he mothods shovrn 1n Fig. .2—15; or.
b. The angular incrt:.a of tha glider.

o MUNUHING AND 'I’OWING IOADS

" The loads spociﬁ.ed in CAR O5. 251 (a), (b), (c), ‘
(d) arc 1llustrated in Fig..R-16. Tho cffects of these

~-leads neod not' bo invest:.gat.ed aft of tho front wing apar. |

It ean bo assumed that a limit recrward acting chord

- load factor of 5.0 is devclopod in shock chord 2nd winch |

13\11101103 .

| .2—58
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~ o Pws%-F
'FN Pa! -@'F

§ T\ L=

Fzdw{hirgig)

= s . NS roinT oF - Rz Sw(LiviT)

PH

Paz. 5R=2.5w(LIMvIT)
P2 PV + P (LmIT)

F"=-§_*Fm.

(b) For Skid Type Lunding Gears

FIGe ¢2-14 NOSE-DO®N LANDING
(Rofe' CAAM 05,243)

| o2a39
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AON TAIL SKID

% g
\\#] v NoTEI :
'5"5/ & P :z_%_g cLmm

% e FRonT WIiNG FITTING
¢
& |
158 1 .
e - T e——
- p——
e o
| . ¥ _(MOST FORWARD POINT
b  SUITABLE FOR THE APPLI-
“ e CATION OF SUCH A LOAD W)
(b) w NOTE:

160 " pP=3T7.5b
=L2.2

FIG. +2~15 = k\ING TIP LANDING
, (Refe CAAM 0B, 245)

o &=40



CIVIL AEXONAUTICS AUTHORITY MANUAL

(b)

(d)
~ Notes P = 1200 pounds or 3,0 times the grﬁaa welght, whichever 1s greater (linif.).

FIGe «2-16 = LAUNCHING AND TOWING LOADS
(Refe CAAM (54251)
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DETERMINATION OF LCADINGS
WINGS T
DETERMNATION OF SPAR LOADING

.. 3e The. -£ollowing method. of detemining the running load on
" the spars of a two-spar, fabric-covered wing has been de- -

veloped to simplify the calculations required and to provide
for certain festures which cannot be accounted for in a less
general method. It will usually be found that certain items

‘8re_constant over the span, in which case 'bhe co&utation

are considerablx s@lified. L

Re The net running load on esach: spar, i pounds per inch run,

Yo = {E: (r-a) + C } q + ne e (ru-j) _Cr (;5—-1)
L Jias
Yp= {cN (a0) = C Joatmoe 0 oo - (.3-2)
T e jTass
Where Y~ net running 1oad on front spar, 1bs /inch., |
¥p = net running load on rear spar, 1bs./inch..
.8y, by, £, J, and r are shown on Fig, .3-1 and are _
all m@-essed ags fractlions of the chord at t.he :
sta‘bidn in quastion. _ ‘ X

(Note: the value of "a" must agree with the value on which
Cua is based.) ' V- ‘

Q- dynamic pressure for the ccndition being 1nvestigated.
Oy and Gy, are the airfoil coefficients at t.he section :Ln :

queation.
Q! is the wing c‘lord in inches.,

e 1s the average un:Lt weight of the wing, in pounds per

‘square foot, ovey the chord at the station in question.
It should be computed or estimated for each area in-

" cluded between the wing stations investigated, unless

the unit wing weigit 1s substantially constant, in which
case & constant value may be assumed,

ng is the pet limit load factor representirig the inert.ia

effect. of the whole glider acting at the CG. The inertia
_ load always acts in a direction opposite to the net air
load. For positively accelerated conditions no will always
be. negative, and vice versa, Its value-and sign are obtained -
in the balancing process outlined in CAAM 05,218,
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TABLE .5-1 o
COMPUTATION OF NET UNIT LOADINGS (consmm)

L o I A e ‘§-§§ o Span

';::Dlatance from root inchas b R

2y '/‘l‘M i (chord in mches) /144

13 i‘raction of chord .

ry fraction of c‘hord -

b=r-tf ==(4)— (3)

a, fraction of chord. (a.c.)

-_3, fraction of chord . ,
= unit vring wt., lbs/sq ft.‘

r-a-(4) (6 “

la~1=(6) - (3)

reg= @

2{5-2=(M-(®

{cr/1ae b - (2_)/(5)_

3. The computations required in using the above method are.
outlined in Tabies .3-I and’ «3-IT; in‘a.form which is con~
venfent for making calculations and for ¢hecking, . The
rallouing wdi’lcations and notes: ‘apply these tables- .

« When the curvature of the wing tip, preverrbs the -
spars from extending to the ‘extreme tip of the
. ‘wing, the effect of the tip loada-on the: spar
can’ easily be. accounted for by exbending the
8pars to wie extreme span a&s hyp toetical members.
' In.such.cases the dimension {f) will becomé nega-
‘tive, as the leading edge will 1de behind the
hypothetical fromt spar.




| CIVIL ARRONAUTICS ADTHORITY MAWAL

L 1(;5g[.
:“(;1=f5'555,

ALL VECTORS ARE SHOWN IN POSITIVE SENSE
' FIG.,3<1 | o

N ‘u.mf SECTION OF A CONVENTIONAL 2-SPAR WING

SECTION SHOWING LOCATION OF ELASTIC AXIS
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be The local values of cN, item 14, .are determined: £m‘
the design value of Cy in accordance with the proper

" span distribution curve. Fig. .2-8{¢) is used for-
~this purpose, together with the value of Ky obtained.
- for this ﬁgure, as outlined in CALW 05 21'?-0-5

c. TItem 15 pmvides for a variation 1n the local value
. Of cuo ' ) ) .

ds. ?'hen conditions w:Lth deﬂected ﬂ.apa are: investigatad,

the value of%overtha ﬂapportionahouldhepro—
" perly modified. For most other conditions cl'a wil:l
‘have a constant value over-the apaxx

: e It will be noted trat. the gross running loads on the
-, , wing structure can be obtained by assuming e to be
zero, in which case items 19, 25 and 30 bhecome zam
¥¢ becomes (18) x (13), ¥y becomes (24) x. (15),
Ye becomes {29) x (2).

05,5201 mmnou OF RUNNING cnonn LOAD.

| " 1. 'l‘he net ohoi'd loading ; in pounds per inch run. can be
doterm:l.ned from the following equa.ta.on-

B [G.., q+ n,;,,2 ] ct/184, (.85

lhez&yc = running: chord load, lbs/:l.nch ‘

' Cc = chord coefficient at each station, The:
proper sign should be retained throughout
the computationa..

Q. = dynamic pressure for the condition being

investigated.

= flet limit cliord load factor approximately
representing the inertia effect of the.

whole glider in the chord direction. The ,

- value and sign are obtained in the balancing
“process outlined in CAAM 05.218.. Note that.
- when Cp is negative, hxo will be positive.

eand cr are: +the same as: inCA.AM 05, 5100.

2 The conq:utations for obtaining t.he chord load are outlined
in Table ,3~II, Ttems 28 to 32.. The fonoﬁ.ng pnints shonld
ke no'bed _

& 'l'he value of. ccf, 1tem 28; can usually bo: assumed-ta
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TAH.;E

5-11 :

cm.mom @F m UNIT LOA‘DINGS (VARIAE.ES)

GONDITION

O¥r(ote) | M0

| G‘g orCP'

-

m—————

——(Refer also o Tale BA)

t1alc

| 35| 6y, (variation with epan)

EREEEETEE
M 7 Mrete) © b(Kb "

6
17
19]

20

(14) x (9)

(8) + (15) N

an=xaq o

mp x (8) x (11)

(18) + (19)

y ye = (20) x (13), 1ba/1mhﬁ:. ]

i_'.m &“par.- ‘ -

25
24

2

RS
R

,(14) X ‘(10)\

(22) - (15$- i

(28 xq

‘ng % (8) x (12)
_”(24} + (25) IRRREEEEE U IR
.Yr = (26) X (18), Tve/ineh "~ | | |

28}
'R9

51

( 58 (variation 'ld.th smn)

Bxp X (8)

(29) + (30)

[Choxd Load

e = (31) x (2, 1bs/1nch R
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,

. be constant over the span..  The only variation
required is in the casge of partisl-gspan wing
flaps or similar devices.

| b. The relative: location of the wing spars and drag
‘truss will affect the drag truss loading produced
by the chord and normal air forces. This can
easily be accounted for by correcting the valus
of Cg &8 indicated in CAAM 05,1R5-A2 and Fg. 4.

DEIMTION OF RUN'NING IDAD AND TORSION AT A GIVEN AXIS

1. ‘l‘he tolloﬂng method can he used 1n oases where it 18

desired to compute the rumning load along any given axis,

mtogether with the unit value of the torsion acting abcmt ‘that
s.

2. As shown in Fig. .3-2, x denetea the location of the rafor-
ence axis, expressed as a fraction of the chord. The net run=
-ning load along the locus of the points x and the net running

- torsion Bbout’ thess points are: tound fm the follwing

aquations: | ) | ,
" (GH q + ng e) - L | (.5...4)
144

-

.
Ry '{Gn (HJ * Gua} q + ’32 ° m—ﬁ}j };i;}*ﬂ’ {9?5“5}

is in pounds per ixzch .

.1is in inch pourds per inch run. ‘
18 expressed as & fraction of thé ch:rd,
is the wing chord, in inches.

Yhers y

m?w

~

e

The remaining symbola ars expm,mv in

CAAM 05,3100, (As noted previously, ns will
alweyz be negative in positively acaelerated
conditiops,) = L

8 '.l’he com::tations required for thia form of analyais can =
be convenlently carried out through the use of tables similar
to Tables .3~ and .3-II." The items appearing in each table:
would bo changed to correspond to the equations glven in 2
‘above. The emputation of the running chierd load can bs

zads in the mepner’ ont.limd in CAAX 05.5101» .
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CONTROL SYSTEMS . .
FLIGHT CONTROLS

- The minimum loads to be used for the design of flight-

" control systens are covered in oaR 05.230-233 and CAAM 05,230~
‘”255.

SECONDARY CONTROLS:
- The minimum loads to be used for the design of secondary-
control systems are covered in CAR 05.234 &..65.285 and
GMM 05.254 & 05,235,
FUSELAGES
WEIGHT DISTRIBUTION

A2 ma;}or itema of weight afi‘ecting the i\zselaga +ghould

. be mo distributed to convenient panel points that .the true
- center of gravity of the fuselage and its contents is main-

tained. .A suitable vertical division of leads should be in-
cluded. The following rules should be followed in comput* ng

' the panel point loads for conventional gliders:

‘as The weight of an item located between two adjacent
panel points of the side trusses should be divided
between those panel points in inverse proportion
to the distance from them to the center of gravity
of the item.

be The weight of an item supported at thres or more
- panel points should be divided betwsen those points
by the aid of an investigation and analysis of the
method of support, if practicable. When & rational
analysis is not possible, the division may be
'est.lmated.

¢, In all cases the moment of the partial panel loads
due to any item aboub an origin ncar the nose of the
fuselage should be equal to the moment of the item
about that origin. o

ds 411 loads may be assumed to lic in the plane of

symnetry and to be-divided oqually between the twy
vertical trusses of ‘the fuselage.

£3=7
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' STRUGTURAL' ANALYSES
eeptable ma'bhods for cmputing tha a.llowable loads

sses comaponding t,o the minimim mechanical ‘pro-
tigs of various materials are given ‘in the Army-Navy-

. Commerce Publication ANC-5, "Strength of Aircraft Elements®,

- ' _obtainable from the: ﬁuperiptendent of Docum.ents, Wash:.ngton,
o D.G. e for twen+y-ﬁve cants'. S

mer or mss |
: ommz. |

" Proof of wings by atmct,ural analysis only should be-
in accordance with GAR 05 32. "'he following points are
_pertinent A co : L

i 1. Joint slippaga in wood beama. ‘When a joint in & wood

transmit bending from one section of -
0. the fuselage, the stresses in,
trioture should be calculated ofithe -

-,"'asaump'bion that the joint is 100 per coent e@ffieient and -

. also under the assumption that the bending moment trans-

- mitted by the joint is 75 per ¢ent of that obtained under

“the éssumption of perfeot continuity. Each part of the
‘structure should be. designed to. carry the mest: severe

| - loads detemincd from t.he above assumptions. ‘
-'2. Bolt holes. In' eomputing ‘the area, moment of 1nerbia,

ete., of wood beams pierced by bolts, the diameter of the
bolt hole should be assumed to be one-sixteenth inch greater ‘
‘than the diameter .of the bolts | :

3, In computing the ability of box- beams 4o resist bending -
loads only that portion of the web with its grain parallel
to0 the beam axis and one-half of that portion of the web
with its graip at an angle of 45° to the beam should be con-
‘sidered,  The more conservative me'thod of neglecting the

e :web antirely may be employad.

4. Drag trusses, Drag strute should be assuned 56 haye an

E - end £ixity coefficient of 1,0 except in cases of unusually
| rigid vestraint, in which a coefficient of:1.5 may be used.
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DETERMINATION OF LOADING CURVES LR RS TR

1. The loading curves can be determined by the gergral

methods given in CAAM 05,310, but for simplicity, a dlrect
comparison of the Beam, Ghord -and . Torsion -coafficlients
times the respective factors will ‘give an-irdication.of.

“which conditions are going to be. eritical, -especially- for
a single spar design. Thus, it may bo possible te. ellminato

'ono or more conditions boforo plotting ~the. aotual ourvas.

2+ The distribution of the wing ooad weight can be ostimated

and shear and moment curves plotted, The dead weight cuxrves - .-
times the dead weight load factor n2 in the beam and chord
directions are subtracted from the total respective limit

~beam and chord load ourvas to obtain tho "net" limit load

curvaes,

5, It will simpllfy the curves somowhat to figuro and _
construct all net wing shear and moment curves to the root
of the wing, even though it may be externally braced. The
loads in the strut and its effect on the wing curves can

be superimposed on the 1atter to detenmine the final oqrvas.

4. In constructing shear curves from a curved running 1oad,
it is necessary to integrate the loading curve to. obtain: T
the shear, or to approximate the curve with & series of . o
straight lines so that it can be calculated as a series of
trapezolds, Moment curves are developed similarly from the
shear curves, o A

TWO SPAR WINGS
Methods‘of-anaiysis:fOr conventional two;apaf wingo St

- are contained in standard textbooks on airplane: structures.

WOOD SPARS

1. The allowable total unit stresses in spruce members sub-

'jeoted to combined bending and compression is oovered in -
ANC 5, Sec‘blon .41, : ‘ : .

METAL SPARS o | R | .
1. The values of EI used in the oomputations should preferw

ably be determined from a test on'a section of beam subjected
to loads in the plahe of the beam and normal to its axis. Im
such tests it is recommended that the bteam be simply support-
ed at the 1ift truss fittings and subjected to equal con-

«3-9



05,5215

CIVIL AERONAUTICS. AUTHORITY MANUAL

such magnitude that the maximum shear and bending moment on
the test specimen are in the same ratioc as are the maximum
primary shears and bending moments on the correspending spans
of the beam in the airgr:ft. If this is not practicable, the
shear on the test beam should be relatively larger than in

" the airer:fte The deflections in the test should ba read to

the degree of precision necessarx to obtain computed values
of EI which are accurate within = 5 per cent.

2. When such a test cannot be made, the value of EI may be

~ computed from the geometrical properties of the section and

the elastic properties of the material used, but before being

‘used in the formulas for computing deflections, shears, or

secondary bending moments, this value should be multiplied
by a correction factor to allow for shear deformation, play
in joints, and lack of precision in computing the geometric

- preperties of irregular sections. The correction factors

recommended are 0,95 for boams having continuous webs that

are integral with the chords, extruded I, and similar beams,
0,85 for built—up plate girders having contlnuous webs

connccted to the chord by riveting; 0.75 for beams with webs
having lightening holes of such shape that the beam cannot

'be analyzcd as a truss.

8. Thin-web metal spars may be analyzed in accordance with
the theory of flat plate metal girders, under the assumption
that diagonal tension fields will be preduced by the shear
forces., For information on this subject see NACA Technical
Note No. 469. The analysis should cover the attachment of
the web to the flanges.

. D-NOSE SPARS

TWO FLANGE TYPE - »

l. Basic Principles and Assumptions,

Insofar as the structurel analysis is concerned, the D-nose
gpar with two flanges may be considered as the combination

‘of & beam‘rfiangea and vertical web) and a torsion box
;(1eading edge skin and vertical web), A typical structure

of this type is shown in Figure .3-3. In the analysis it

" "is agsumed thet the spar does not taper and that the

structure is symmetrical, insofar as the two concentrated
flanges arc concoerned, about a horizontal axis (a principal

axis), It is further assumed that the structure is of such
- a nature that the engineering theories of bending (flexure
,tbrmula), shear and torsion (membrance formila) are applicable.

«5-10
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- e Detailed Msia for Beam Ioads.

For the o..a.se of beau lom?ing, only, tha spa.r will be sub-
Jected to a force P (see Fig, .3=4). For the purpose of
practical structurul amdysis, it is desirable to replace
the force P by a force § acting in the plane of the web and
a torsional moment (or couple) acting about a point in the
web, This conversion ie illustrated in Figuro .3-4.

&a. Stress in Ioading Edge skin.

In this case, where the bending material is con=
centrated in two flanges (top and bottom of web),

" the leading edge skin will be stressed primarily
ty the torsional moment M, (Actually the leading
edge skin adjacent to the flanges will be stressed

by ‘the bending loads.) The stress in the skin

j cago be obtained from one of the formulas given
below;

(1) If tke stmimre and :na@itudo of the torsional
moment are such that the sltin does not wrinkle
- under load, the skin will be stressed in shear

- and -the following formua will apply: =

fon * 2 (Meabrene Porwala) - (,3-6)
Wnere: T = the torsional moment in inch pounds,
A = the area enclosed by the leading =~
edge skinandthewebinsquaro '
inches,
ty = the thiclmesa of the loa.d.ing odge

’(2)Ifthesk1nwmﬂesunaer1oad 1t will be
stressed in tension (tension ﬂelds). and the
following fomula will apply 4 ;
| ftna R ( 3—7)

Yor obvicus mm the ;kin'shom ot wrinklo B
approoio.bw when ntressed below the 11mit J.oad
b, Strou in Gonoantra.ted l‘langas. N

If the stmtm-o 1 riot. subjected to axia.l loa.dt and fo
does’ not: taper-in depth, the flanges will be stressed -

prinarily by the bendmgloao. The flange stress can

o312
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be detemined from the follawing formla- _
fb Uy (Flexure Formula) '_ ( M)

; where M = the bending: moment in in’ch pounds. =2

¥y = the distance from the neutral axis to
the flange fiber being investigated in
inches, = (Obviously the outermost (or
extreme) fiber will be most highly

. 8tressed).

- Ix = the moment of inertia of the flanges
about their neutral axis (the X~X axis)
1n inches to the fourth power, .

If 'bhe ﬂ.ange material is concentrated, or nearly so,

the above formula closely approaches- :

 hdg

where h = the distance between the centroids of
: the two flangea (upper and lower) in
inches. '
~ Ap = the cross. sect.iona.l area of the flange
“in question (upper or lower) in square
_ inchea.

fb- '} , ':(..5-9)_

Stresa in Weh.

The web 'will be stresséd primarily by the shear S and
the torsional moment T. (In certain cases it may be

desirable to investigate the effect of bending at the

Junetion of the web and the flanges.) The stress in

-the web can be detem:l.ned from one of the formulas

given below,

(1) If the structure and the magnitude of the loadings

are such that the web does not wrinkle under load,
the web will be strossed in shear and the follow-
ing formzla“ will apply:

£, = 80 47T o ‘
s,, ﬁ%—w = (.5_-10)_

‘whero S ' the shear in pounds.
© '@ = the static moment about the ncutral
- axis of the soction effective in bond-

, ing above ar below the pomt in qucstion

™
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in inches cubed. (For the |

' remaining symbols, aae a and b
ST &boveo) o

It the flange material 19 ooncentrated the ahove '
fomﬂa. boeomesz

f =2 S I:T .. ,.(03‘"11
) Ft*."“,m“ IR T )

w
whare h = the dspth of the web in mches.

(2)- If the web wrinkles under load it will be
- stressed in tension (tension fi.elds), and t.he
followl.ng formula will apply '

T =

tw ‘T" + At
Effact of Taper. | '

The effect of taper in ‘spar dept.h is twofold namely:
(1) a decrease in the amount of beam shear resisted

by the vertical web, and (2) a relatively slight
* Increase in the a.xial loads in the flanges of the

(1) Referring to Figure. .3-5 1t can be seen that the
. ghear $!' carried by the web ofataperedbeam is
. expressed by the following formulas: .

S'-S-(PUtana. PLtanB) (3-13)

where S =z the axternal shsar a.t the section 1:1 o
- ~ pounds, - .

PU “the horizontal component of tl'n axlal '
load in the upper flange due to bend-
ing in pounds. (It may be obtalned
by multiplying the stress determined
from Formulas ,3-8 or ,39 by the
CTro9s se'c.tiona.l are;a of t’he upper‘

PL = t.ha horizontal component of the aad.a.l |

load in the lower flange,
(For & and 8, see Figure .3-5.)
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(2) Although the effect of taper on the axial load
‘in the beam flanges is usually so small that
it can be safely neglected; it should be con-
sidered in the snalysis of the critical sections
of highly tapercd beams. The true ‘axial loads
in the flanges, Py' and Pr'; can be closely
approximated from the following formulas: '

Py' = Pyseca (43-14)
and |
P! = P scc B o (43-15)

- _ For. the meaning of the szrmbols, see Fomula
(. 5-13) and Figure .3-5.

a, Effect of m&l I-Q&do

If the spar is subjected to an axial load P in addi-

tion to the shzar and bending moment, the flange g

stresses can not be determined from the formulas given

above. The flange streaseca can, however, be obtainad

frcm the following formulas: . _ .

=My +P. . (.,316)
Ix A - :

‘Whers ll' = the reecisc bending moment in inch
unds.” (The precisc moment includes -
thu effact of aecondary bbnding due to

' the axial load), 3

"P = the axial load inpounds. R - v

‘A" = tho cross soctional arca of the ﬂangea : '
' - (uppor and lower) in squarc inches.
EFO-I-‘B t)'.t):e mr.-aning of the othar symbols, see Formula

% B _

- 8 Detai;g ;Aggxgis fgr ghord _n_:ads. . L o -
4 chord. loading w1l subjef't the D-nosc spar to both bending . . .
- and shear stressss. The rcaulting stross. distribution is - ~
alf:own in Figurc .5-’6. -
'a. Banding Stressi

The stress due to bending can be determined from the7 -
followlng i‘omula- _ ] |
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| y
where M = the bending moment about. the I-Y axis in
' s dneh pounds, -

" the distance from ‘the. nput.ral axis to the
fiber being investigated in inches. (In
- general, the most forward portion of the
leading edge skin (an external fiber) will
be the most highly stressed).
Iy the moment of inertia about the neutral
¥ - axis {the'Y-Y axis) in inches to the fourth

power.

* .
| }

-~

b. Shear Stress

Tha straas daé *bo shear can be detemined frcm the
following formula:

where .-i-_S. = the. pnear in pounds. T
- Q= the static momsnt about the neutral _
. axis. of the .section above or below
. -the point being investigated in
. 7 “inches cubed.: - .
4. = the thickness. of the 1eading edge I

S n skin in inches.

o  '4. Combined I.oading_s_

"~ In. the general case, a D—nose spar may be subjected o the e
~.loadings shown ‘in Figure..3~7 fogether with an axial load P. . -
- The ‘effects of these loadings and the p.artinent formulas
for determining the correeponding stresses can ba detﬂmined -
_ rrom Table .S—III. _ o :

- 8 I.i.mitationa of Formulas. o

The accuracy of: the foregoing i‘ormulas will not .be high in
. the vicinity of the root of the spar because the actual stress
- distribution will differ considerably from the assumed: dis~
-tribution, It is, therefore, recommended that high computed -
margins of safety be maintained in the root _reglon, The theory
also breaks down to somc extont if strase conccntrations are :
prosent, ‘Thercfors, the design should be of such a naturs that.
serious stress concentrat.ions will not exist. ' _ ‘

2317
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 TABLE .3-IIT |
LOADINGS, mz OF mms mm Pmmm Fomwm FOR D-NOSE SPARS

=18

A T
_ | '\ JMY ,
x [
. S
Component, _:__Type of Stress Formila
L. E. Skin Shear or Tension (.5—6) or («3-7)
"o L1 B Beam#AxialInad no " 7 "
(5, Mx, T& P) |
nonoom Ohord"(Sc &My) : ‘Shear & Bending g. g and
“Flanges " Beam (S, Mg & T) ‘ ._Axial {due to bending) ( :5785 or 1.3 5-9)-
" Beam & Axi2l Load "  (due to bending) |
(S, My, T&P) and axial load ( 3—16)
no Chord (84 & My) | Axial (due to bending)| “(.3-17)
Web Beam (S, My & T) | Ghear or Tension ]( ..%10) (s 5—.117
: L . lor ,_.(.5—12;) c
L 'Beam + Axial Load I L (5-10), (.3-11)
Z o (é &My) | Axial (due to bending)|  (.5-17)
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B DETERMINATION OF AILGI"ABLE STRESSES AND MARGINS OF su'm

- de Mmb;],g St.;_'gsgeg.

& In order to determine the allowable atresaes for
the leading edge skin, & representative section of
~the D-nose spar should be static tested for the '
following loadings (the length of the test specimen .
should not be less than four times the width (or
chord) of the spar):

(1) Pure torsion (T) to establish allowables for
torsion and chord shear in the leading edge
skin.

(2) Chord bending (My) to establish the allowable
bending stress for the leading edge skin. If
chord shear (Ss) is also included in this test,
it should be kept low as compared with +the chord ‘
bendirg. :

B In order to determine the a].'l.owable stresses for the
‘flanges and the web, if necessary because the web is
unconventional, a specimen representing the web and
- flanges should be stat.ic tested for pnra beam 1oa.ds

" (M and 8).

8, In order to detemine the goneral behavior of the o
entire structure, the complcte spar should be- proof
'bested for the crit.ical condition(s)

i d. The fomulas cOVered 4in Table I should be - used to
computz the allowable stresses. Of course, the

teffective! arcas used in such computations should
be consistent with t,hose usad in the final stress

analys’is' :

2. lhrg;ns of Safetx.
Leading Edge Skin.

- The M.S. of the L.r.. skin will be positiva if-

(fb) +' (fs) “ 100

B

319
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‘eompliance with yield requirements.‘ Inasnruch as marv
~ control surfaces do not lend themselves to rigorous
analysis, it is recommended that gtirength tests be con-
- ‘sidered: for proving compliance with the ult.imat-e load
- requirementa.

The. analysis and testa shduld include the horna, -and
should demonstrate compliance with multiplying fact.ors
of: safety requirementa contained in CAR 05.27. .

05,3221 - 'nmvwcmn OF HINGE POINTS

© In analyzing movable pontrol. aurfaces supported at.
several hinge points, care should be taken in vhe use of
the "three-moment" equation. In general, the assumption
that the points of support lie in 8 straight line will give
misleadin.g results, When possible, the effects of the
defloction of the points of supporb should be approximated
in the analysis,

05,3222 RIGGING 1OADS .

_ The: effects of initial rigging loada on the final in-
temal 1loads are difficult to predict, but in certain cases
mey be serious enough to warrant secme investigation. In
this connection, methods based on least work or deflection
theory offer the only "exaet" solution. Approximate methods,
however, are satisfactory if based on rational assumptions.
As an example; if ‘a certain counter wire will not becomo

~ slack before the ultimate load is reached, the analysis can
be conducted by assuming that the wire is replaced by a
‘force acting in addition to the external air foices. The
‘residual load from the counter-wire can be assumid to be a
‘certain percentage of the rated load and will: of course be.
rless than the initial rigging loa.d. ,

05.523 PROOFOF CONTROL SYSTEMS
05,3280 GmERAL

Structural analyses of control aystoms 'will Be accopted
as complete proof of compliance with ultimate load require-
‘ments when the structure conforms with conventionsl types

- for which reliable analytical me'bhods are available, Proof
tests as defined in CiR 05,121 ~rc r\quir,,d t') ')rova com=
‘)11 it} LS J.'t-h y‘:.\.ld 1’!‘ @ ro qui.remen'bs- '

CRLD2
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Analyses or individual 1oad tests should be conducted.
to ‘demonstrate compliance with the multiplying factor of -
safety requirements specified in CaR 05,27 contral svﬁtt:m .
jomts uubjected to angular motion..

o Operation tests ( see CAR 05. 542) are required in addi-
tion to the proof teste and analyses. _ ‘-

05,3231 . CRITICAL LOADINGS

1, In some cases involving special leverage or gearing arrange- .
ments, the critical loading on the control system may not
occur when the surface is fully deflected. For example, in
the case of wing flaps the most eritical load on the control
system may be that corresponding to a relatively small flap

- displacement even affer propér allowance is made for the _
change in hinge moment. 'This condition will occur when the
mechanical advantage of the system becomes small at small
flap deflections.. The proof of control systems should in-

clude the most severe loading conditiona for all parts of -
the sysuem.

Re An inveatigation of t.he strength of a control gystem in—
cludes that of the various fittings and brackets used for -
support, - In particular, the rigidity of the supporting
structure is important especially in aileron, wing flap, and

. tab control systems. y

05,524 PROOF OF LANDING GEARS
05,3240  GENERAL o

Structural analyses of la.nding gears w-lll be accep’oed
ds complete proof” of compliance with the load requirements
‘when the structure conforms with conventional types for which
reliable analytical mcthods are available.

_‘05.3241 mmm,s AND TIRES

In wheel type landing geara ’ the ul'l:ima’oe strength of
whéels and the bursting strength of tires should not be less .
tha.n the ultimate loads' to which they are subjected.”

05_.5242 : SHOCK ABSORPTION
‘There are.no. definite requireménts regarding the emergy
absorption chdracteristics. of glider landing gears, On

heavy gliders elther air—-wheels or shock absorbing skids
. should be used. '

323
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P_RCDF OF FUSELAGES
 GENERAL -
Proof of fuselages by structural analyeis .only ahould

.be in. accordance with CAR 05.52.
- SHEAR AND BENDJJ\'G mm DIAGRAMS

‘1. It will be found an advantage in analyzing all types of
fuselages to congtruct shear and bending moment curves for

all the critica:l. design conditions. .
R Determine the diatribution of the :E‘uselage waigh'bs from

- the weight (see CAAM 05.032, e and f£) and balance calcula-
‘tions and construct. the. unit ahear and bending curves about
~the centcr of gravity, _

'5. For eagh critical condition, mzlt.iply the unit shears

and moments by the load factor pefpendicular to the fuselage

-axis, and balance with the previously determined wing and

tall reactions. The net fore and aft acceleration can be
applied at the C.G., &s the distribution of these components
individually at" the various panel points is u.nnecessarily

‘-complicated.

“4. Select the critica.l condition for shoar and the critical
‘condition for bending for each fuselage panel, whether

monocoque or fruss, and find ‘the internal panel loads by

taking a section through the panel mear t.he Jo:l.nt and solving
‘ for the lqads in the members. N

‘I‘RHSSED TYPE- FUSEI;AGES

. GENERAL

Methods of analysis for conventional trussed type

_'fuselages are covered in standard textbooks on &airplano
- strdctures. | ) S ' =

‘ TORSION

In analyzing conven+ ion&l 'bruss—type fuselages for
vertical tail surface loads it will be.found convenient to
make simplifying assumptions as to internal load distribu~
tion. The following methods may be used for this purpose, -
the first method being more conservative than the second. .

| 324
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‘le The entire side load and torque may be. assu;ned to be

resisted only by the top and botbom trusses of the fusalage.
The distribution to the trusses can be obtained by taking
momsnts about one of the trusa cen-t.erlines at the tail poat.

‘2. For the structure aft- o.t' the rearmost bulkhead the tail.
‘load may be. renresented by & side load acting et the center
of the tail post and a coupla equal to this load times.its
- vertical distance from. ths denter of pressure of .the vertical
tail, 'The.side load msy be. assumed to be divided equally
between top and btottom trusses. For- the stiucture forward
.of the rearmost bulkhead the tail load may be represented by

4 8ide load acting at the center of the tail post and & torque

_acting at the recarmost bulkhead equa.l to' the tail load times

the vertical distance from the center of pressure of the vor=
tical tail to the center of this Yulkhsad, This side load

may be ‘assumed to be divided equally between top and bottonm
‘trusses, The assumption may be made that the torque (not the

forces composing the equ:o.valent. coupls) is divided equally

‘betwesn the horizontal and vertical trusses. The couples.
acting on the bulkhead and resistoed by the top, bottom, and
side trusses can then be roadily obtained, Stress diagrams
'should bo -drawn for the trusses to cbtain the loads. in the

members. The longoron loads should be taken from the diagrams
for the horizontal trussos.or vertical trusses, or taken as

~ the combined loads from both trusses, whichever are. largest.

(This arbitrary practice is edvisable on account of. the une
certainty of the load diatribution between trusses.)

8. The diagonals of the rearmoat bulkhaada, .ea, the bulk-
hoads through which the torque is transmitted to the wing,

.and ‘of a)l tulkhoads adjacent to an unbraced bay, should be
‘designed to transmit the totsl torque. Intermediate bulk-

hddds should be dosigned to transmit 25 percent of the total

‘torquo.

4. In some cases the loads obtaincd in the bottom truss mambers
may be quite small. In such cases it should be noted that it
is demirable to maintain & high dogrue of torsional rigidity
in tho fuselago and that the rigidity of the top truss will

be completely utilizod in this raapec'b only whon the bottom

truss 1is equally rigids

| STRESED-.SKIN TYPE FUSELAGES

GEVERAL .

1, The strength of ﬁkin-atreased fuselages 18- affected by &
large mumber of factora, ‘most of which are difficult to

.s;zs
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account for in a stress analysis. . The following are of
speclal importanoe: S '

- a. Effects of cut-outs. -
b, Behavior of covering in compression as a shear
web, including the effects of wrinkling. -
Co Strength of curved sheet and stiffener combina-
tions, including fixity conditions and curvature
in two dimensions. =
- d. ‘True location of neutral axis and stress distri~
bution.

es Applied and allowable loads for rings and bulkheads. -

2. Unless a fuselage of this nature confoms ¢losely to a
previously constructed type, the strength of which has been
detsrmined by test, a stress analysis is not considered as a
csufficiently accurate means of determining its strength. In
all cases, the stress analysis should be supplemented by .
pertinent test data. VWhenever possible it is desirable to
test the entire fuselage for bending and torsion, but tests
of certain component parts may be acceptable in conjunction
with a stress analysis. As this subject is now being in-
vestigated by the NACA, the latest information should be
obtained from that organization before the stress analysis
or test met.hods are decidoed upon.

-'woon "MOI\OGOQUE" FUSELAGES | |
The following comments can be used as a guide:

1. Wood "monocogue® fuselages may be treated as beams, the
longerons forming the flanges and the sides being the webs,
The allowable stresses for the longerons can beg taken from
charts for beam allowables, provided the member is properly'
' supported against column failure by the covering. If not,
the member should be checked 2s a column between frames.

If the member is continuous, the coefficient of restraint C
can be taken as 1,5. Neglecting the effect of the coveiing

outside the longerons, especially if the fuselage is curved

on top and bolitom, will give conservative results, as the
plywood eovering can carry gome compression. The amount it
can carry depends on the thickness, bulkhead spacing, and
curvature. The most satisfactory methed is to test a suit-
_able section in order to determine the allowable in case it
is degired to take this material inte account.

'2.‘ The shear stress in the sides can be calcu'iatéd in tho
same manner as for 2 beam, using the same beam section pro-

328
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perties as used for finding the bending stress.

3. The torsional shear caused by the eccentricity of the
fin and rudder load above the axis of the fuselage can be
calculated by the same method as for a D-nose wing spar
{see Formula .3-6), The allowable shear stresses will

~ wary with curvature and bulkhead spacing, but in general -

cén be determined by the method used for D-nose wing spars.

4, An anﬁroximation of the 1oads in the bulkhead vertical

" members can be made by assuming the adjacent bay is braced

by & shear diagonal instead of by belng completely covered
with plywood and solving for the load in the vertical as in a
truss type fuselage.

METAL "MONOGOQUE" FUSELAGES

- The following commanta can be used as g guid :

Lo Metal "monocoque%ﬁfuselages can be traated.as-beams in
-.bendlng, utilizing :the full section material unless the

covering is very light and unsupported at the extreme flbers.

2. in anproxlmate method is to dlsregard all the skin
material and calculate the moment of inertia of the section
on the basis of the longitudinal stringers only. In this

case the allowsble stress shouid be taken as that for the
stringer as a column,.

5. The most accurate method is to caloulate the "effective

:‘width“_of skin which can be counted on to be acting as-a
~unit with each stringer. The stringer—skin unit is assuwiied

to be a column between bulkheadsfv Fbr details-on this
method refer to. AJG-S. ‘

'4, The shear in the coverlng is calculatgd from the statlc

moment of the section as with any beam. The bulkhead members

are not likely to be.ceritical in compression unless the shear-

stress is so hlgh that the side of the fuselage becomes a
"tension field", The stress at which a panel will become .

& tension field depends upon the size and shape. of the un—
supported panels, and the curvature, as well as the thickness.
The stress at whieh a panel will start to wrinkle is usually
Judged from exporience and substantiated by static tests. If
computations show that the panel will wrinkle before reaching
the ultimate design load, the bulkhecads and rlvetlng should
be de51gnéd to suit this condition.
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5. When the sheet wrinkles to form tension fields, the
allowable stress for the side panel may be taken as 0.7
- of the ultimate ten81ln strength.

05,3826 - _PROOF OF FITTINGS AND PARTS
05,3260 - QENERAL

1. In the analysis of a fitting it is desirable to tabulate
all the forces which act oh it in the various design con-
ditions, This procedure will reduce the chances of over-
looking ‘some combination of loada which are critical. :

2, Ths additional ultimate factor of safety of 1,20 for
fittings (CAR Table 05-3) 1s to account for various factors
such as stress concentration, eccentricity, uneven load
distribution, and similar features which tend to increase
the probability of failure of a fitting. As noted in the
Table, this factor may be covered by several other factors
8o that when the ultimate factor of safety for any portion
of the structure equals or exceeds 1.80 the fittings in-
tluded in this portion are not subject to an inerease in
factor above the value used for the primary members.

08,55 COMBINED ANALYSIS AND TESTS
05,530 ~ GENERAL '

Structural analyses are acceptable for proving com-

- pliance of conventional structures with the ultimate load
requirements.  In all cases, certain proof and operation
tests ‘are required by CAR 05,342, For unconventional
structures; for which reliable analysis methods have not
been developed, it is nccessary to resort to combined

- analysis and tests or strength tests only to prove com~

- pliance with the ultimate load requirements,

05.,33% © - = D-nose wing spars and "monocoque® fuselages are con-
' sidered as unconventional structurcs, and hence usually -
can not be gubstantiated by analysis methods alone., -Such
- structures can, however, be substantiated by'combined -
- analysis and tests (see CAAM 05, 5215)

05,332 "~ Before deciding on whether combined analysis and tests
or strength tests aloncaro most advantagcous for substan-
tiating unconventional strudturcs, it is recommended that
an investigation of the work involved be conducted. The
following points should be considered in such an investigation: -
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1. Components which have bcmn strength tested cannot be
used in certificated gliders unless it can be shown that
no dame,ea has occurred in any part of the structure or that
such damape has been properly repaired.

2, Unless teat results are reduced to correSpond to the

minimim mechanical properties of the materials used (which

requires additional tests), the test loads must equal or
exceed 115 per cent of the ultimate design loads for
structures other than those actually used in the glider.

- in’certain cases, the cost of structural analysis_ﬁay

be less than the cost of strength tests. This is especially
trpe when extra components must be constructed for test

purposes. _
4, Gliders may be built sufficiehtly over-strength so that

tests on the entire structuré may be conducted without causing

failure or permanent set of any part. It is recommended that
a certain amount of chocking be made by an engineer in order
to. safeguard the builder, but no analysis need be turned in: to
tho Auvthority if complete trength tests are conducted.

10AD TESTS. |

TEST LOADS, APPARATUS AND METHODS -

GENERAL

1, Purpose. ‘The definition of & "strength" test states that
it is used for determining the ability of the structure to

‘withstand its "ultimate" load., Ordinarily, the stress

analysis detocrmines this satisfactorily, but in some cases
an analysis cannot be relied on, or tho manufacturer may not

wish to submit a complecte stress analysis. '"Strength" tests

. are thercfore specificd in such cases as an available method

for determining whether the structure will fhil before it
reaches tne required ultimate" load.

Re Destruction tests. When a static load test is carried to

the point where the maximum carrying capacity of tho structure

is reached, the test is usually referred to as a destruction

test, A Ystrength" tcst is not necessarily a destruction

test, as it is not always nccossary to carry the loading to
the point of maximum capacity in order to meet the requirements.

5. “Strength" tests in lieu of streas analysia. "Strength" o
tests may be conducted in lieu of a stress analysis, provided

.3-29
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~ that the test program is submitted for approval before the

test is conducted. One reason for submitting the program

“in advance is to be sure that special provision has been
- made to. test &1l members or portions of the structure re-

quiring excess factors of safety. A certain amount of

| caleulation is necessary in any case, in order to determine
_ the magnitude and distribution of tbe test loads, as well
‘ag.the critical condition for which tests should be made.

Since "strength" tests in lieu of stress analysis mist be used
as a basis for the approval of all structures to be built from

the drawings for which approval is desired, the question of
material variations from standard and possible discrepancies

between the test specimen and drawings is of considerable im~
portance, _

MATERTAL ms'rs

1. Standard pronerties. Drawings which are to.be aporoved as
a basis for a type certificate will specify certain minimum .
‘guaranteed material propertics, usudlly by roference to exist-
~ing standard specifications (S.4.E., Amy, ete.). The manu-

facturer is not required to substantiate the strength charaoter;
istics of the materials used when a standard specification is

availeble, In cases wherc some new material is to be uscd, the
~manufacturer will be required to submit test data substantiating

the properties to be assumed as minimum,

2, Stress-strain diagrams. In gencral, the most useml data
are obtained from a stress-strain diagram obtained in a tension

-tést and such diagrams should bc obtained in all cases whero
. new materials are used, This diagram pormits the determination

of the following important charactoristicas

a. MNtimste tens'iie stress. -
b. Yield point in tension,
¢c. Modulus of elasticity (E).

Further information on stress—strain diegrams can be obtained
from ANG-—S. |

- 3+ Special materials tests. Specisl tests may be required in
" ‘order to account for factors difficult to evaluate in a stress
‘analysis. The effects of welding after heat-treatment are

difficult to predict in some cases. Stress-concentration

~ ‘caused by poor detail design will often reduce the allowable

stresses considerably below etanderd values. Most metals show
marked reductions in allowable stresses efter being subjeoted
to large altemating stresses fo:_- some. time,

«3-30
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METHODS OF CORRECTING TO STANDARD

1. General. A knowledge of the typea of failures which
‘oceur in structures subjected to static load tefts is

essential in order that proper correction factors may be
applied to reduce the results to standard conditions (for
material having the minimm guaranteed strength properties),
It is apparent that a built~=up structure is subject to .
failure in many &ifferent weys and at different places,

In general it is only necessary to derive correction factors
for the particular portion in which the failure occurred.

' When the total load sustained is 15% greater than the "ultimate"

' 05,34302

load required, no material corrections are necessary.

" 2. Method of spplying. The correction ‘should be made by
. wultiplying the test load sustained at failure, by the ratio

of standard strength of the material to the strength of a
gpecimen taken from the structure. The particular’ strength -
property involved will depend largely on the nature of the
fallure, but in general it is desirable to obtain = stress-
strain diagram for the material sPecimen. A chemical apalysls
might be required if there is doubt as to ths actual material

- used in the test structure. ‘

TEST PROCEDURE p

1. Jigs. Tests of tail surfaces, wings and other units of
" that character may be conducted by mounting the surface to be
 tested to a specially built framework, using the regular attach-

ment fittings of the unit being tested. The jig or framework
ghould conform to the glider structure as far as possible. In
cases where the attachment of a component to the fuselage in-
volves the distribution of concentrated loads into a thin-walled
structure, it is highly desirable to test the surfaces while
attached to the actual structure, or to the portion affected.

In such cases gpecial care should be takken to obtain net de-

. flections of the surface tested. Metal members resting heavily

on wood supports will crush the wood and produce erronsous.

 deflection readings, hence are to be avoided, -
| 2'; loading schedule. A loading schedule should be preparéd,

showing the load distribution to be used and giving the values
of the loads to be apnlied at each stage of the loading process.
When the load is to be applied by means of bags of shot or by
welghts, it is desirable to weigh each increment of loading

in advance and to assign it to a marked space on the. floor, so

“that no confusion will result. The loads can be divided into .
~ sultable increments of about one sixth (16,7%) of the required
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"uitimate" load, In the usval ease, such incremoents will

be onc quartor (25%) of thé roquired “limit" load, so that

the "proof" test load will have been reached at thc fourth
inerement.  The "ultimatc" load for & "strongth' tost will
then be rocached at the sixth incroment. After rcaching the
"ultimato™ load, the size¢ of the ineremunts should bo ro--
duced ‘so that the seednd additional inerement will oroduce
115% of the "ultimatc” load. Howaver, if the structurc should
show signs of failing at any timo the loading incruments
should be accordingly rcduccd.

5. Supports. It is always advissble to support tho unit being
tested by mcans of Jacks whilo the loads are heing laid on.

A safoty framework or blocking should be provided in all cascs
so. that the structurc will not move far after failurc. This
not only protects workmen and obscervers but also permits an
accurate determination of the point of initial failure and may
permit continuation of the tost after 1ocal reinforcamont if
that scems desirable.

4. Deflection sticks should be attached at various points of
the test specimen and a level should be provided for roeding
the scales, which should 3referably be graduated in tenths

of an inch. .

]
5. Precedure in "proof" tests. It is advisable to apply at
leasgt a part of one increment and remove it again before
measuring the initial defleetions,. After each increment is
applied, the jacks should be lowered for a period of at least
1 minute before readings are taken. Vhen the total "yield"
(see CAR 05.121) load has been loaded on to.- the structure
and readings have been obtained, the entife load should be
removed, preferably ons increment at a time, Tre deflection
readings at zero load should then be obtained.

6. Procedure in "strength" tests. The procedure outlined for
the. "proof" test, in the preceding paragraph should be follow-
ed exactly until the "proof" test is completed. Note thai the
"strength" test, if conducted first, would not permit the ‘
determination of the permanent set caused by the "limit" load,
After the “proof" test the loading should be continued beyond
the t1imit" load in accordance with the loading schedule. As
the "ultimate" load is approached, the structure should be
carefully observed and any unusual bshavior notad, The in-
crements should be reduced if any signs of failure are observed,
If the structure should fail locally before reaching the ™zl -
timate" load, it is permissible to roinforce the'failed portion
when that is possible and to resumg. the test., The details of -
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such Teinforcement, when used, should bde carefully noted.

If it is obvious that materia,l carrection factors will be
amall, 46 is not nscessery %o proceed to the 115% overload.

I the test gpeciment cannet be used after test, 1t is
desireble to continus the %est to destructien, that is, to
the point at which no firther loads can be held by the
structure., When failure begins during the lowering of the
Jacks, it is advisable %o rsmove some of the load befors
completely removing the support, in order that the minimum
load cemsing failure can be determined as clossly as possibls,

Fo Frocedure in “gtmngthﬁ tests in liev of anplysis., In

such cases ihe gwawa&mm iz the sare as for "atrength® tesis
axeept thab 1% will often be necessary to prove that Hpecified
axtra, loads {higher factors of safety) can be zarried by cer~

“tadin portions of the gtmucture.  Additionsl desizn conditicuns

wsy siso have to be investigated. Whenever pogsible, sdequate
photogreaphs should be taken and gamples of tha material . secured
and %{-sted,

§. Checic of test structore, The repraaentaxxve of the Authority
will check the test specimen sgainst coples of the drawings

- suizaitted o the Authority for spproval. The representative will

note the nunbers of the drowings to which the siruciure ¢orres-
ponds. In the case of Yatrength® teste in lien of sirese

. analysis a very thorough checle of the siructure to de teshted

will be mede agalinst the drawings. Af%er the test, the portions
which failed will be fm‘thar checked for dimensimm and strength
pmperties. S

MANUFAOTURER'S TEST REFGRT

1. Preparation. Im sli casss the manufacturse meking o iosd
is required to prepar 2. cmmnlet@ raports ' ,

2. Completeness of mgort, In ganeml a r oo, to be gomplets,

should includez

8. Adequate p}mtomhs of the test set~up and- *‘he part

under teat, unless sufficiently clear r‘w:minga and
lanatiana ars shown, .

Y. Pkmtogmphs of failed parts or other points of
gpecigl interest.

¢. Records of deflections and other observations and
readings teken, Such. date are frequently best pre-
gented in the form of curves, but in any case. the
a.ctual readings should be mcluded in tabular fom. _
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' de Date of tost, identification number of report,

serial and model mimbor of glider and signatures
of responsible manufacturer'!s personnel,

Ail information necessary for the particular test
1involved.

. Any other observations which the represent.ative of
. the Authority feels to be necessary in order to

~ furnish a complete record,

8. In addition to the above items, the following points should
be covered in test reports:

- be

Ce

. de

e,
. :.

Critical conditions. The test report should contain
computations or references to substantiate the cholce
of the test conditions and the loadings required.
loading schedule, The loading schedule used in the
test .should be included in the report. - .

Set-up. A complete description of the test set—up

should sppear in the report, accompanied by photographs

or sketches. Refsrences should be mado to drawing
numbers for the parts being tested.
Procedure, A chronological account of the procedure

‘should be presented, giving details and noting all

items of an unusual character, The behavior of the
structure at various loading stages is of coneiderable
interest, particularly in the case of st.reued—skin
construction,

Test data, All deﬁection readings ahould be included,
preferably in tabular form. ‘Deflections of the Jig
should be - included,

Corrections to standard. When such corrections are
necessary, the data for the specimen tests should be

included in the report.

‘Disposal of tested structure. A statament should be

included as to the disposition of the test specimen,

 that is, whether it is intended to be used in the

glider assmbly.

05.5451  WING TESTS

05.34520  RIB TESTS
1, §gl§ 'cti'.on of Riba. | o
B a. Wing of uni form chord. At least two ribs should be.

tested for each of the two loading conditions. This
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applies to a straight wing in which the ribs are
all identical, except at the extreme tip and
except p0531b1y at the strut points, and: means two
1dentica1 & tandard ribs. S :

" b, Tapered wing, For'tapered'wings'the selection of
test ribs requires the exercise of judgement to in-
sure that the tests made are sufficient to prove the
‘strength of all ribs. It is usual for a manufacturer,

- however, to use the same member sizes and truss arrange-
‘ment throughout a series of ribs of varying size. In
those cases the. largest rib of each series should be
used for test. o

c. Most tapered - 'ings will incorporatﬂ elther two or three
- similar sories of ribs, If two are uscd, tests should
“be made on two cach of the largest rib in each series

(a total of four ribs). If there are three series, it
will probably be best to tust two identical ribs of
the largest size used and one each of the largest in

' each of thL other serzcs.

g In general, no more than a total of four ribs need be
tested. _ _ .

2, Test Loadings.

a, . The rib tests required shall at least cover the
positive high angle of attack condition (Condition I)
and a mpedium angle of attack condition. The total
load to be carried by each rib should equal 125 per
cent of the ultimate air load over the area supported
“by the rib. For the medium angle of attack condition,
the load factor should be taken as the average of the
ultimate load factors for conditions I and III.

b. . The leading edge portlon of the rib may be very severmly
- loaded in conditions II and IV. 4#An investigation of
“the maximum down loads on this portion should be made
‘when Vy exceeds 15 mph, ~ (See CAAM 05.217-B2), When'

this requirement does not apply, it should be demon-.
Strated that the rib structure ahead of the front spar
is strong enough to withstand its portion of the test
load acting in the reveérsc direction. A test for this
cond:tlon will be required in the case of a r1b which
appears to bz weak. , :

G The. fbllow1ng loadlngs are acceptable for two-spar
construction'when the rib forms a complete truss between
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the leading and trailing odges.- (See cmfo's.zi?-sl‘
for other cases,) ‘ '

(1) For thc high angle of - attack sondition ribs
having a .chord 1ength of 60 inches or greator
.ghould ba subjected to 16 equal loads so arranged
- &s to be applied at 1.0, 3.0, 510, 7.8, 9.9, 1R.9.
- 16.8, 19,9, 24.1, 28.9, 34.2, 40.4, 47.5,-56.5,
TR 0 and’ 90 per cent. of the. chord. The sum of
. these loads should equal the totsl load carried
. by the rib, computed as speéificd above, For
. ribs having a chord of less than 60 inches, 8
equal loads may bec usad, their arrangement being
such as to produce shoars-and moments of thc same
- - magnitude ag would be produced by the applicaticn
. . of 16 equal loads at the locations spccified above, -
{2) For the medium angle: of ettack condition 16 equal
* loads.should be used on ribs of chord of 60 inches
or greater, B equal loads. for chords.less than 60
© . ‘inches. In either case. the total load should be
' computed as specified above, When 16 loads are
used, they should be. applied at 8.34, 15. 22 19,74,
23, 36 26,60, 29.86, 33.28, 36,90, 40,72, 44 76,
49, 22 54.08 -89, 50, 65, 80, 73, 54 and 85 70 .per.
cent of the chord. When 8 loads are used they
- shall be so arranged as to give comparable results,

.'d.mWhen the lacing cord for attaching the fabric passes
 ‘entirely around the rib, all of the load should be
. - applied on the bottom chord. '

2, Vitien the covering is to be attached separately to the
. " two.chords of the rib, the loading specified in para-

' graph ¢ of this section should be modified so that
approxlmately 75 _per cent of. the ultimate load is on
the top chord and 50 per cent on the bottom, the total

~load being 125 per cent of the ultimate load,

f,-For-ribs attached directly to the spar of' single spar
- wings,’ the above load dlstrlbutlon may. be useds

3, Test. Method_s, ‘
5 "a.-.,.Standara Procedureé.
(1) The ribs should be attached ‘to short spar sections

by the methiod used in the actual glider. The spar .
.igectionglghguld be'. suppp;@ed“inISQch‘a_manner phat"
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they will not prevent free deflection of the
- ribe - It is satisfactory to mount the spars
~eo that their edges rost direotly on the
. supporting structure but they mst not be
restrained from rolling or twisting.
(2). Any type of testing-apparatus or method which -
applies- the loads correctly is acccptablo. '
- (8) To simlate the lateral bracing effoct given .
8 rib in the actual wing assembly; it is per-
~ misstble to omwloy vertical guide blocks along -
the sides .of ribs which are tested singly.
These guide blocks should léave the ribs free
to defleet in the direotien in which the load
‘is being svplied, should haww faces bearing
againast the rid which arc not wider than one half
inch, and, for metal covorod wings, should be
. 8paced at least eight inchos apart, For fabric
- coverad wings these lateral supports should not
be closor than twice the stitch specing, or the:
length of the individual ‘rib-chord members, or
cight 1nchea, whichover is the groater. In any
€880 the latcral -supports should gimulate, &s
-closely as practicable, the actual conditions
“‘papresented in tho glider, ..
(4) In order to avoid-local failures of a type not
- likely to bo sncountered in flight, it is vor-
missibls to use small blocks not more than onc
- inch. long to distributec the load at the loading
pointa.

05.34511  'WING TORSION TEST
L Tost liothods.
e Wing Mountcd on Jig.

(1) Set-up. Tho. wing is’ mounted on a heavy timber or
- 8teol jig by means of the main wing fittings in
‘such a way that tho chord 4s vertical. A boam is
clamped to. the wing near the wing tip so that a
torquo. may be delivered.to the wing. . Figuro .5—8
(&) shows-the naturc of this set-up. Vhan the
Bat-up 18 not made closo to & wall, a framework
“should ba aracted along the ‘span and close enough
to the wing to act as'a reforcnce in determining
“doflections.  This: framework must be rigid and.
‘socure to prevent movomnt or displacement. -The
_length of th¢ beam,- measured ‘from the chord of .

- the wing. to the point of attachmcnt of the load-
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ing platfom, (distance L in figure), should
. be approximately equal to the mean aerodynamic

. chord of the wing, The wing should be uncovered,

© {2) loading. The load on the platform should be

-~ increased in suitable increments until the wing
is twisted an amount sufficient to accurately

- determine a definite curve as discussed telow.
- The loading should be carried to the point where
the wing shows evidence of appreciable stress,

" but mever far enough to injure the wing.

(5) Deflection measurements. The amount of rotation
of the wing should be determined by taking de-
flection readings at two points along the chord
for several locations reascnably spaced along
‘the span, (See Figure .3-8(A)). The distance
between points on the chord should be far enough
apart to indicate appreciable deflections for
the mcst. rigid of wings. ' :

'b. Winz Mounted on Glider._

‘(il‘) Set-up. When. the wing is mounted:on a glider
_the set-up shown in Figure .3-8(B) should be
‘used. In this case it is necessary to block the
wheels and shock struts in order to insure

- rigidity of” sunports. The wing should be un-
.. covered, oo .

() Loading. The proced'tire" in testing is similar to
that already outlined. However; two platforms
ere used, being equally loaded. This results
in the application of a torque load.enly to the -

wing.
(3) Deflection measurements. Dcﬂectious are taken
at desired points as before. & "Wye" lovel and

suspended scales provide an ecasy .and accurate
means of obtaining deflections, A zero reading
foreach point is takcn prior to application of

. any load, and deflection-readings are takenat
the’ same - points when loaded.

Cs Teat roport.,.

(1) Recorded data. The data. to be recorded are: The
loads apnlied; its lever arm; the deflection read-
ings at selected noints;. a.nd the exact location
of these points both along the span and along
the chord of the wing.
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j(2) Interpretation of results.. Having‘obta’ined the

- leading and trailing edge deflections or.a =

" corresponding set of data, the angle of twist
"of each section of the wing for a given torque,
‘or. platform load, is calculated and plotted '
-against the distance from the wing t:lp. o

O angle of twist in degrees |
= tan~l {Leading edge deflect. 't.railing |

edge deflect, )
o Ghord

or -

0= 57. (Leading edgs deﬂect. + trailing'
Chord: edge deflect.) =

' : Plot'bing the angle of twist will reveal any in~
accuracies in the data and facilitate checking
results, :

A cocfficient of t.orsional rigidit.y may now be
computed, using the followmg expression -

CTR M dL
o.G

- where -

cm - coefficient oi‘ torsional rigidity,
©1b. in.®

40 = angle of twist m':'degi'eeé‘ in length dL
(in.-inches) caused by. torque of ¥ in, 1b.

UTR is computed for several points along the span
‘and plottéd against the distahce from the. tip.
This curve shows ths variation of ‘torsional - '
‘rigidity of the wing throughout its span, and will
be used for purposes of comparison with wings '
' similarly tested, , .

05.34512" .m:uc PROOF AND STRENGTH TESTS
1. Test Loads. The loads to be used, and their distribution

over the wing will depend upon the particular condition being
teatcd for, In general, when the tests are made to prove the
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_strength of the entire wing, thera will bs, four ‘tests made

corresponding to. the four basic fiying conditions of positive

‘high:angle of attack, negative high angle of attack, positive

low angle" ef attack, and negative low anglc of attack,' In-

some cases, particularly for most cantilever wings, it will

be possible to omit the least erfiticel of the negetive con- '
ditdons and thereby reduce 'bhe number of test conditions to ;
three _

8. Genera.l. . CAKM 05.34502 outlines the genera.l stru.ctural
test procedure, which applies s.lso to wing tests..

b. Hounting. ‘I‘he wing will almost always bo mounted on
- & jig and carec must be taken to insurc that the method
of attachment- dnplica.tes t.he method used in the actual
'glixler. ‘_ : , REEI
: -_‘.e,’_-:_:,.Ghord component.. . The chord of ‘the wing will not be .
‘.»-_horizontal, except in some cases,but will be inclined
~'so the load laid on the wing will also load the drag.
-system, - The angle .of inelination will be such as to.
.produce the correct chord component. as detemined '
 from the stress analysis. ‘

d,."Deflections. Nmm,rous deﬂ.ection moasurements should
" 'be. taken aleng the span either at the leading and
trailing edges or at the front end rear spars. 'The'
points of support: should be observed also to see’
- whether or not they mové under load.  Mcasurements
"should be maede at ‘each increment of load and these
‘values should later be plotted in curve fori in the
. -manufactiurer!s report, to show the elastic behavior. :
.of the’ wing under load. - '

B &gidi‘bx. -

a. There are no- est,ablished cmtnria for pemissible bend-
“ing deﬂeetion in wmge.

Q4'._TestRe§grt.-.- ' S ' '_ |

a.. In addition to 'ohe applicable por't.ions of CMM 05.54505
_the manufacturer's report .should include all items - :
" peculiar to his particular test; such as- computations
showing the chord component. of the tast loads s,nd ‘
curves. of’ deflectiens along the span.

N
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05,3432 CONTROL SURFACE TESTS

05.54520  TAIL .SURFACES AND AILERON TESTS

1- .93&_&94

- Kinds of testa.‘ Tests on tail surfaces and ailerone
may be either "proof" tests or "strength" tests. ‘
In either case the. doad over the surface is distributed,

':'1n the same manner.

‘bs.

Load distribution—tail surfaces. The horizontal and

" vertical tail surfaces are each required to be tested
~ for both of* the conditions illustrated in Figures:

C

‘CAR 05~1 and CAR 05-3, The magnitude of the load in

each cass’ depends upon which of the specifled con-
ditions is critical,

Ailerons. Ajlerons are tested for_the 1oad distribu~

tion shown in- Figure CAR 05-8.

Cde
 ‘the movatle, surface, the unit loading at the. ‘hinge
Tine will be constant over’the span. When a balance

R¢. Test

Balance area, When there is no. balance pﬂrtion on

portion of constant chord is used on 2 tail surface.

“having a variable chopd, the unit loading on the
balance portion’ will not be constant over the span,
“generally bemng lower near thé tip. ’

MethOdS .

} a...

Horns, Control surface tests should include the

" horn or. fitting to which the control system is

‘attached. “Control surface horns should’ be held by

- tubes.or straps and never by flexible cables unless
 ‘the test is purely a control system test because

.fb;

“cable’ stretches excessively.

‘Mounting, The control surfaces may'be mounted on '

the glider as in actual opcration provided that .
cables are. sliminated and that the fuselage or wing

i ‘either supported rigldly or:its movement at the

attachment fittings of the eontrol surfaces is”

eaccurately measured: . If the surfaces are. mounted

on a jig, the jig should be 'so. constructed &g 1o

- duplicate exactly the attachmbnt condltlons applyh

-ing in thc glider.,
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c. Fabric covering. When the unit tested is a fabric- -
covered surface the fabric should be installed as
for service except that only the primer coats of
dope should be applied, in order to leave the
covering slack. The load should be app‘lied directly
to the covering. L

. . ds Brace wires, During the test all brace wires must
.~ be rigged so-that they are at least as tight as they
would ordinarily be in service. If any wires become
slack during the test-that fact should be noted in
“ the report and a statement given concerning the
' - approximate load at which it occurred.

e. Load application. The test load can usually best be
applied by means of bags of sand or lead shot, 8o -
distributed as to represent the required 1oading.

£. In the case of a test for the so-called "balancing"

condition, note that all the load aéts in one direction
on the fixed surface. : ‘

5. Tes't—_Re“m——rt' . ‘. - .. . * ! | L
_ o ~ (See CAAM 05.34303,)
05,34321  FLAP TESTS

1. Test Methods and Ioads.

a., Wing flaps will almost always be tested ona jig
because of the difficulty of mounting a complete wing
. and flap assembly in inverted position, In all cases,
- however, ‘the test should include the supporting
brackets and their means of attachment to the wing.
The ‘test will be similar to that for an dileron or-
elevator exeept that the load distribution over the
surface will usially be uniform instead of decreasing
‘toward the trailing edge, as is the case for those
other surfaces. If it is necessary or advisable to
test the flap supports a8 installed in the wing, that
- may be done without inverting the wing by running
cablas from the flap hinges up -and over pulleys to a.
loading platfom. o

20 Tes'b Reggg
(Sse CAAM 05,34303).
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' 05.3433 . CONTROL SYSTEM TESTS

a. Operating test. The controls‘will*bé operated from
. -the pilot's seai when the system is sustaining half
.of the "limit* load speclfled in CAR 05. 25 for- the
deslgn of the’ system 1n questlon. :

b. Test for strength._ The test loads for a. “proof"- L
‘test or a "strength" test are ‘derived eilther from
- the control surface design loads or from the spacif‘ad
.eontrol system d831gn loads. This is explained in
CAAM 05 230, in Wthh an’ alternate loadlng is. descrlbed.

2 Test Methods.'

A Arrangement for test. A.control.system'test‘should be
 conducted only upon 2 fully installed system in the

" actual aireraft, The load. may be applied in either of
the fbllowing ways- L

A (l) The sontrol,system for the main. surfaces may be
L .. 'rigidly secured at the normal point of contact
. with the pilot's hand or foot. and the actual
Lo R . ! surfaces loaded. - . :
S (2) The control system for: ths maln surfaces may .- be
Lo . :.sgcurad as in (1) and the load applied to the
S e oo o outer extremities of. the system by.some other _
.. . neans, such as cables 1ead1ng over pulleys toa
' s ' loading platform, - ' :
~ {3) The control system for any adgustm»nt device
. such as .stabilizer, trailing cdge tabs or w1ng o
.+ flaps is wsually required to-be sclf-locking in -
- ‘which eascs no additional flxatlon should be:
x 100 permitted during. testss "
Lo o0 7 (4) Other methods. may be oroposed but w111 not be
4y 0w oslt - approved unless thoy lend themsclves equally as
R P Sy 1"_ well as the abovc to the operatlon tests.
b. The type of blocklng used at ‘the control wheel, the ~
- top.of the stick, or ‘the rudder pedal should be 'such
“that it can. readlly”be removed and put back with the
. system under ‘load or that it will not interfere with
_ llmlted movement of the coritrols. (4 compression .
Wi member for the stlck or: column to lean agalnst in
" the neutral: p031tlon during: loadlng is a good in- -
-“stallation because-the stick or column canbe pulled .

344
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back for the operation test without dlsturbmg the
-set-up. - For the rudder controls a tension cable . |
or wire, leading forward from éne. peda.l, is gome~ ..
_tmes convenient)

I Ce ,.The test load should be applisd ir erscticab:'s 5 in:
_ _the direction which produces the most critical load
in the system. That is, push-puil tubes should be -
© loaded in compression rather than tension and brackets
. . .and fittings should be loaded in the worst direction
. if'a probable variation in strength between the two.
- possible. directions is indicated,

.d, ;-Opereting test. - The purpose ‘of the operating test is
to determine that the controls ays free from binding,
‘Jamming or excessive friction or deflection &t the
specified operating test 1eads. '

,ef.,Test i'or strength. ‘The purpose of & cmtrol system
-test for strength is to ascertain that all those narts
of the system which are difficult to analyze; sich-as
brackets, pulleys, and fairlead supparis, have guf-
- .ficient strength and rigidity for service, OCareful
- obsérvation during the test. and a thoro ough inspection
- .of ‘all. parts of the system after test are.thefefore’
essentizl, When a control system is carry'ing the-
-~ "proof!.- loa,d no deflection of the brackets or any
~_other: part of the®system and 4ts supports. (except
‘_cables should be apparent upon visual- inspection.

',5. : iggditx. |

a. Extra—-ﬂexible csble, as used in conirol systems, will
o stretch ‘under load even though-of . adequate gize and -
: _‘__prestretched. This is. ‘ebjectionsble - ‘but does not im-
pair the airworthiness of a system unless ‘the dsi‘lection
s accessive.

o st et

o, ‘ - (See CAAM 05,34303. ).
| 05.3434.  FUSHLAGE TESTS

L Tg‘" Loads.

8y ‘The test loads £er a fuselage are usually the torsion
and. bending 1oads eorresponding to the "ultimate" B

5-45'
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or "limit" loads for the tail surface structure.

' The horizontal tail surfaces, being symmetrically

placed, . introduce straight bending loads into the
fuselage structure, which are. revlsted by the
wings and the weights forward of the céenter of
gravity. The loads from the vertical tail cause

" a bending moment, acting SldeWEJS, and a twisting

or torsional moment, which is resisted by the wings.

~~ In landing conditions’ the fuselage will be loaded

be

by inertia loads and the wheel or skid reaction.

It is customary to.perfdrm two separate tests, one
for each type of loading. Ffor the bending test
the loads are so chosen : nd placed, if possible, as
1o represent the most severe loading condition for
all parts of the fuselage. If a fuselage appears
to have a weak top structurg it is tested for up-

ward acting tail loads but it is otherwise usual to

test for the downward acting loads. For the torsion

~ test there is only one condition to consider, that

2:'Teét

1s, the fin and rudder load,

Mothods.

-

General, CAAY 05.34302 outlines the general structural

test procedure, which apnlles also to fuselage tests.

. .. ‘b.

Bending tast, For thu bending test the fuselagc is -
mounted in & horizontal position and is held in place

a “only by its wing attachmant fittings. It is cither
;‘rlght side up or upside down depending upon the load-
ing conditions being tostuds Tail surface loads are’

IR « %

_applied through the stabillzér attachment fittings

and loads represcnuing wolghts in-the fusc lage, it
used, .are lald 1n31db or hung at their proper locations,

Tor31on test. For fhe torsion test the fusclage is
mounted on:its side, with the longitudinal axis

~ horizontal, and held only by the wing attachment fit-

tings. If the fin is in placc on-the fusclago, the tost
load is laid dlrcctly on it, distributed so as to locate

"_ithe centar of - prbssuro of thﬁ load in its proper placc.

Othurwisz somc means of, applying the correet torsion, -
shyar and bending loads through the fin attachment
fittings must be deviscd, Unless the fin is of canti-

! :_lever construction it w1ll bc nccessary for this test
- 1o have both thc fln and stabxlizur mounted on the

fusclagg.

© 346
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Towing and launching loads. GAAM 05.251 states that
it will be unecessary to investigate launching and

*towing loads aft of the froant spar. However, in

testing for these conditions, loads must be applied

at points aft of the rear spar to resist the test ,
“1oad on the towing hook, Care should be taken in ' .

:testing for these conditions to guard against over-

loading such portions of the fuselage. For inatance,

" if the side load (CAR 05,251-d) is resisted by the
: front strut fitting and the tail post, and nothing

else, the loading in the rear part of the fuselage
might be higher than the design load and failure
would occur, The solution in this case would be to

" apply a moment at the wing root fittings and at the
' strut points as well as at the tail, each of which
“would be less than the ma.ximm load.s for which the
: fuselaga is desigwd. B

" When deciding the magnitude snd location of the

"ty alr loads. For example, much of the side load will

'fuselage -loads which will resist the towing loads

for test purposes, it should be borne in mind that,
in actual flight, the loads on the-tow line, especiaI]y
side loads, are registed by inertia losds as well as

' be resisted by the inertiz of the wing, through the
‘wing root.fittings, while the vertical components of

the towing loads will be resisted mainly by the inertia
of the varicus items of mass in the fuselage, with the

*" " loads being applied. through their points of attachment
.- to the fuselags .

‘ 'Refarence is made to CAR 05,244 which affects the
- gtrength of the wing root fittings and surromding
L s’cmcture a@inst unsymetrical loads.

The comments of the preceding section re@rding test-

~ ing for towing loads epply also to landing gear static
. tests, . Care should be exercised so that no part of

the fuselege is overloaded locally at pointa where

~ high loats would not normally be expected.
-'neﬂections. Daflection readings should be taken at

" . each increment of load, at several points including
" the wing attachment fittings (to ascertain whether
. or not they move), the rear end of the fuselage axd,

‘ --_ﬂfor tha torsion test the tip of the fin,

o347 | I ’\
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YATERIALS AND WORKMANSHIP

1s Materdials and processes. laterlals and processes conform-
ing to the specifications of the Army, Mavy, S.A.E, or other
respongitle agencies are satisfactory., It is important that
minimm specification values of strength praperties given in
ANC-5 be used rathsr than "tymical’ or "average!' values.

%, Tolerances. Tolerances should be closely held in order

that the sssmed or tested structure is accurately reproduced,
Metal sheet snd tubing gages usually conform to well established
specifications.  Tolsrances on machined parts. are ‘based on
generam;pxactlce and will vary from about £ ,015 inch to values
necessary to secure interchangeability of mating parts. Toler-
ances on shesred and nibbled parts are usually % 1/32 inch.
Mimis tolerances on section dimensions of wood structural
members such as gspars should not exceed 1/64 inch in the fully
seasoned condition unless justified by a check of margins of

' safety, Plus tolerapces are limited by assembly considerations.

BATERTALS OF CONSTRUCTION

L. Wood,

Wood has nad general use as & material for glider con-
structicn, For the most part those woods used in weod airplenes
are used in ;ili@? censtruction.

. Airersit spruce 1s used for spars. This should be
sslected for grain and strength in accordance with
the pertinent Army or Navy specification (sec Air-
erafi Airwerihiness Scetion Report No. 15). 3nruce
ghonld be used for wood drag corpr0531on,mbmbers.

‘be Bass-wood is a satisfactory wood for glider ribs.
It has ample strength, excellent gluing gualities
and id quite gtable with regard to moisture content,
- Cnly clesr sap-free whitc basswood should be selected.

e, White vine when of a good guality also makes a good
rib naterial, Snrucu, when especially selected for
straighiness of grain, is also satisfacteory.

" d. Ash is used fcr fuselage skis, bent wing-tip pa“ts
and wing-tip skids, hite ash is bost and should
be 4y and well scasoned,
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20 Plxﬂgo ®

Plywood is extensively used in both wing and fuselage
construction of gliders, When used for stressed parts like
in nose covering of single or D-spar wings and MONoCoque -
fuselages birch or mahogany and spruce should be used.. Spar
webs and fairing may be made of mahogany plywood. All plyh
woods should preferably be either resin or blood albumen
glued material and should be fresh stock,

N 3. §tee °

" Both alloy and SAE 1025 sheet steel are used for flttings
and fastenings on wood constructed gliders, Only good quality
rust~free stock should be used and it should be protected from
‘corroslon by zinc or cadmium plating, metallizing, red oxide
primer, or equivalent. Steel tubing is replacing wood as a
 fuselage material to a large extent and it probably affords
the best pilot protection due to its ability to absorb consider—
able energy in failing., Due to the relatively low forces en-
countered in fuselage design mild steel and seam welded tubing
are satisfactcry for the most part. Where high siresses and
-extreme shock absorbing qualities govern the design, however,
chrome molybdenum steel (SAE 4130) tubing should be used.
Owing to the difficulty of protecting from corrosion, gauges
lighter than ,0R8" should not be used.

4. Gablgs and Wir@ﬂ- .

Cable and wire where used should be of -aireraft quality.
Solid wire should be used only in drag systems., Sizes smaller
- than 16 gauge (.051" diameter) should not be used. The usual
ferrule and thimble fastening is satisfactory if soldered
with non-corrosive flux and well cleaned and varnished or
primed. The wire should not be over heated in the 'soldering
operation, Where used for tail or wing stays, or supports,
19 wire stranded cable with a, tinned copper wire wrapped and
. ‘soldered serving is satisfactory. Only 7 x 7 or 7 x 19 cable
should be usod in control systems. Where slight bends around
pulleys of only 30° or léss are encountered, 7 x 7 construc-
tion is satisfactory., In all other cases 7 x 19 cable should
be used for controls. Unless stressed above 50% of the rated
strength, the served and soldored fastening will be satis-
‘factory., Soce Figures .4—1, .4—2 and +4-3 for cablc fittings
and - splices.

.5. Aluminum Alloxs;

The aluminum alloys have hed some use in present day

42
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glider conatruction :ror fairing and & covers.as well as
for primary structures, It should only be woriced ‘as s
structural material by those trained in its use and then
‘with the same care as aspplied to airplanes, It is not
‘advisable to use it for fittings in wood or. composite
‘construction gliders unless proper];r protacted from cor=
rosfon (see CAAM 05,4103).

6. l‘sbcric.

o The light weight glider fabrics of a.bout 20z, mi&t
are satisfactory for gliders with design gliding speeds wp - -
to 70 milese per hour. ¥For higher speed gliders the light

airplane fa.hrics nighing 2.6 o0z, per aq. yd. should. be used.

05,4001 -PH)GESSES

: lood working tools should ‘be aharp and mpt 1n gnod

- condition so as not to injure the wood fibers., In ripping .
-and cross cutting wood parts, aharp f.tne tooth sans should
be used. .

_S_Eli

Splices in: structural wood members whon neccssary should
' --ha.ve a 12 to 1 slope or greater and surfaces fitted for per-
. Pect uniform contact before gluing. The surfaces should be
- formed with a planer, if possible, The dimensions and type .
~of splice should be similar to those given in CAAM 01.33,
" Care should be taken in clamping glusd splices to use thick
Ucushion™ blocks of the. proper slope and size so as to pro-
- duce clamping action perpendicular to the line of the spli.co,
- mifomly distributed, ard not such that the piecea tend to
" elip pe.st each other; A finished splice in wood or plywood
slnuld ghow no cha.nge in cross-section at the splice.

s, Clued Jointe.

All glue Jointe should have full 8 hours under pressures
- o!‘ 100-150 pel for soft woods and 150-200 pei for hard woods
. at temperatures of from 65°F to 90°F, No. glue which has
been mixed for more than 4 hours should be used for gluing
- structural parts. Enéugh glue should be used so that it
- squesezes out of a Joint at the édges and this excess, while
it may be removed by screping, must not be wiped off,

i | Y
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. In applying plywood, nailing strips may be used to

produce the gluing pressure so that the nails may be
~remgved after the glue sets. These strips may be thin

hard-wood, plywood, or fibre. In cases where a joint in
Plywood is to be mads, 2 piece of thin aluminum or wax
paper under the nailing qtrip will be found to. produce
& very clean joint. A3l »iyvoed Joints should be scarfed
or beveled at a slope of 12 %0 1 or greater so as to
leave no ridgs at the jeint,..

"B igﬂ. o

Wherever several similar sheped parts like ribs are

to be glued up from wood pieces, jigs should be used.
Thése may be nailing jigs or may be clamping jJigs. Care
should be taken, where bent pileces are used, to hold the.
‘shape by temporary pieces well beyond the end of the used
part of the curve so that there is no tendency for the
ourve to flatten out when removed from the jig. -Where
complicated curved parts like wing-tips are to be made
and the bend is too severe for a single piece, several
1aminations may be glued' together in a Jig,

6. Metal Porming

& Steel sheet used for stressed fittings should be
handled with special care to avoid scratching or
marring the surface in any way. Lines should be
drawn with a pencil. and not a sharp instiument.

- A1l bends should be made around & block which
has had the corner rounded off to a radius of.
at least twice the thickness. of the metal {See
CAAM 01.33). During--the bending oqeration, sheet
- ghould be held in a vice which has 'the jaws cover-
ed with copper, aluminum or brass so as to prevent
marring. Hamerlng should be done through a hard-
wood block rather than on the bare metal. Holes
may be punched provided they are reamed out at
least ,010" to get them up to size. When drilling
- stacked sheets, the burr should be removed from
edeh sheet so that the hole is clean and surface
. gmooth. Where cuts to form corners are made, &
1/8 inch diameter hole should be drilled in the
corner and the th ‘made to the hole, mot past ite.
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b H:lda strength altmimn alloy sheet must be workod,
with caution tc avoid any marring, scratching, or
‘benda. The strorns alumimm alloys, such as
' 17 ST and 24 SP, should not be bent to a radius
less than four tires the thickness of the sheet
(Reference GAAM 01.33), The bend should be pre- |
ferab]y at right angles to the direction of the
grain, Bends can bo nade over soft material snch‘
as haxrdwood., '

c. Soft alumimmm alloys, 28, 38 and 48 are used for
formed non-structural parts, and are available in -
varying degrees of hardness., These alloys can be
readily formed and welded, When the forming is
severs, the metal may be annealed occasionally to -
prevent undus strain due to the cold working. Th.ta
may be done hy covering the part with a layer of '
- goot by means of = welding or blow torch, then -
applying enough heat with a neutral ﬂame to burn :
off this layer., Riveting may be done with A 17-S
rivets when heat treating facilities are not availe
. able, Torch welding of aluminmm or aluwaimm a.lloys
is not pomissibla for structura.l parts.

7. 'oldgg S

a. Welding is of two typea. (a.) fusion welding where
steel is joined by fusing the two pieces of steel -
‘together and filleting with steel rod, and (b)
brazing (brass or bronze welding). where a fillet
of .brass or bronze is used to join two pleces of _
steel together, True welding should be done only
by one who has had considerable instruction and -
‘practice, - Steel welding is recommended for odge

- ‘welds and highly stressed fittings, as at wing

~..roots and strut attachments, In either type of
welding, the weld should be stressed in shoar E
nevar in bending or direct tension, _ .

b. In glider work, brazing will be found to be a

- satiefactory method of Joining thin wall 4ubes. -
There .is, when it is properly done, no da.nger of
buming or Mn-:lng the thin m]l tube,

c.‘On]y waeld 25 H.8. bmthes rod or 1tn equivalqnt
‘ proper flux, Anyone
-rlth a lmowled@ of the principles of soft aold.er-
1ngahouldbe gble to braze withve:ylittlo .'-.n- \

R
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~struetion. No attempt ahould be made to braze
-Joints which have not been abraded to a bright,
scale-free finish. This is particularly true -
of . places which have been previocusly welded.
Steel welding must not be done under any con-
dition at or near a place where brass has been
used previously. £xcessive or long heating of a
brazed joint is to be avoided., A white depogit
~around a brazed joint indicates excesswe heat, .

d. While tube Jo‘i.nta should have a ¢lose fit for
- brazing, a small gap can be filled with brass _
: uithout impairing the strength of the joint.

'8, Protegtiva Finishes (See CAAM 05. 4015). o

&, Steel tubing and sheet nmst be cleaned to bare
-metal by either sand blast or non-corrosive
cleaner and protected by red oxide, aluminize.
coating, zine chromate primer, metalizing or -
other accepted rust-proofing method. Sand blast-
.ing should not be used on materizl equal to or
" less than .028" in thickness. Wheraver primers
are likely to come in contact with doped fabric .
they should be further protected with dope- prooi‘
paint,

b. Intornal aluminum alloy fittings are beat finished
‘ by anodizing, priming and enamcling. - Thorough -
cleaning followed by priming and varnishing may -
be used:  In places where corrosidn mey be severe, -
. asaembliw may be dipped or smeared with a coating
of warm mixture of 70% pure beeswax with 30% rust-
preventaiive grease, Ixternal surfaces of "Alclad®
aluminum slloy or pure: aluminum need not be finished.
A good coating of wax will offer femporary: protec'tion
against tarnishing, -of the bare metal.

9. Covering and Doping.

‘ The fabric. covering of gliders owing to their great area. ;
and relatively light construction may prove destructive to
primary structure. Fabric tension under excessive doping is:
very high and great care must be used to brace against it.

a. Fuselages, In covering steel t.ube i‘usélages, t.hoae
- tubes to which the fabric must be secured’should be

. ) '4_9 . o
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- wrapped with gmuze bandaga and given.a coa.t of clear
.- dope, . This dope should dry hard before ths fabric

is applied. The fabric can then be cemented on by
an application of another coa.t of d.0pe and brushing

the :t‘abric down in pla.ce

b.

!ood-fa:bric Joints. lood pa.rts should be protected.
with "lionoil", thinned spar varnish or aquivalant.
Whare fabric 18 to be cemented to plywood or wood:

a.,ﬂs the varnish coat should be omitted entirely.

e

" Tnis can be accomplished by cross-bracing with fabric
‘tape cemented to the rib cap-strips. The ribe should} o

gurfaces should have a heavy coat of dope and

-allowed to dry hard before covering, Rib cap-strips
-should be especially carefully coated so that the

fabric will be well fastened to the ribs. Where
fabric euds on plywood and cementing is depended

on for fastening, there should be at least 1% cone
tact on cement joint, The edge of the fabric should"
be covered with 1-1/2" pinked tape with half the
tape on the fabric and half on the plywood., Only
glider fabric, 1light airplans cloth, and balloon
¢cloths can be cemented to modpartsastheware

“thin and porous enough for the dope to penetrate, ' ‘
Grade A fabric'is not suitable for this type of- attach-

ment,

Wings, Iong wnsupported ribs may requ.ire bracing

to prevent them from turning over under the fubric.

be ribvatitched with a good linen thread on about 3

inch centers (See CAAM O1,33 for recomended sewing

practices), It is also advisable to cement the
fabric to the ribs.

All p].aces where two pieces of fahric are sewsd to-

- @gether should be covered with at least 1-~1/2" piniked

‘tape after the first coat of dope. Where sanding is

-~ -résorted to to obtain smooth finishes care should be

used not to sand over rib corners or other ‘places
where cutting through is likely to result. Places
on doped surfaces subjected to trailer or ground .
wear ghould have an extra patch of grade A fabric and )

sevoral extra coats of dope. All fabric covered sur= "

- :Eaces should be provid.ad. with d.rain granmets.

-' Aftar the fa.br:lc has been applied and. the fa.stening

Joints are dry it is advisable to go over the whole
surface with a moist sponge to remove all wri.nkles

=10
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" ..and even up the undoped fabrie tension so that when
the dope is-applied the dore tension will be uniform
in all directlons. :

d. Doplng. The reoommsnded doping 1ractlce is to aboly
~ one coat of clcar dope, then one coat of aluminum, _
and then the coat of color or vigmented dove. . This &
may be followed by & codt of one part thinner, one
part-clear dope and one part pigmented dope, and
for best.resuits shoulf be applied with a soray gun.
It will be found satisfactory to apnoly all coats of
: dope to the light fabrics with a spray gun provided
a gun is used which will handle the dones without
thinning, .In the event grade A fabric is used, it
is recommended that the first two coats of dooe be
brushed on to obtain good impregnation of the dope
.in the fabric, and that an additional coat of
*aluminum dope ‘be used., R

. GLUING

1. Gluing may'be used excent in cases where inferior“joints
might result or where oroper protectien from molsture cannot
be shown,

" %. High grade casein and synthstic resin glues are satisfactony. _

It should be noted that condition of the: surfaoe, moisture
content of the wood, glulng pressure, ang protectlve coatings
&8 well as other factors play an important part in the fabri-
cation of acceptable joints. The reoommendatlons of the glue
manufacturer should be gtriectly followed. -

TORCH WELDING

_ Torch welding of primary structural narts should be used
only for ferrous matcrials and for such other materials shown
to be suitable therefor, Tor large diamcter tubing of less - -
than ,035" w&ll thickness brazed 301nts may »rove more. satis—_

, factory than wdlded joints.

ELEGTRIC WELDING

1. Eiectric oro, spot or s.em welding may be used in the
 primary structure when specifically approved by.the Authority

for the amplication invelved. Rzqueosts for assrovel of use of
electric welding should uvc acrompaniod by information as to
the oxtont ‘to which such wolding is to be used, drawings of
the parts 1nvolv d apparatus cmployed, g;neral mcthods of

4-11
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. - control and ‘inspection and references to test data sub-
SR .,stantiating tha ntmghhand suitability of the welds

obtained.
PROTECTION

1. All members of the primary structure should be suitably
protected against deterioration or lose of strength in service

.. due to corrosion, abrasion, vibratioa or other causes, This
‘gpplies particularly to deaign details and amall parts. All

. sxposed .wood structural members should be given at least two
protective coatings of varnish or spproved equivalent, Built-

up box gpars and similar structures should be protected on the

" interior by at least one coat of varnish or equivalent and
" adequate provisions for drainage should be made,  Due care
ahould be taken to prevent ooa.tlng of the gluing surfaces.

. 2. Paints, vamnich, plating and other coatings should be
- adequate for the most severe serwice expected. “Information

on the subject of protection is available from paint and

. vernish manufacturers as well as from metal and alloy pro-

ducers. Expensive changes dictated by service experience
will be avoided if the question of protection is considered

~ in the initial design stages. In addition to surface pro-

tection it is essential that molsture-trapping pockets and

 closed nor-ventilated compartments be avoided. This is

particularly true with light alloy and plywood structures,

“Drain holes should be provided at low points,

3. T™wo methode of apecifying pratective coating are in general
use. In one, the various operatione or code symbols are list-

ed on the pertinent detail or assembly drawing, while in the

other method, a specification listing the operation and the
nuzbers or classes of the parts to be so treated is prepared.

“Data submitted t6 the Authority need cover only the minimm

protection to be employed.. :

. INSPECTION | | |
"1, Inspection openinga of adequate size should be providnd

for such vital parts of the glider as raqn:lra periodic in~
spection. ,

2, Points most frequent]q in oeed of Inspoction are main

. fittings, control linkmges, cables at sharp bdends, and drag
- wires, Satisfactory inspection of these and other points can
©  only be carried out if the size and location of openings are
- such as to give adequate accessibility not only for in-

spection, but elso for servicing and replacement, The in-

-gpection of drag wires is expedited if, in lieu of other

22
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- mana., grommete of about 3/8 inch 4inside dismeter have
- been installed in the fabric, through which a hook may be

ingerted to check wire tension or possible breakage.

| JOIBTS, FITTINGS AND CONNEGTING PARTS -

1, In each joint of the primary structure the design details
ghould be such as 10 minimize the possibility of loosening of

the joint in sarvice, progressive failure due to stress con- ’ .
~. centration, and damaga cansed by normal servicing and field
- operations, (See CAR Table 05-3 for multiplying factors of

safety required.)

2. These parts continus to be the most critical structural
elements, No specific rules can be laid down but some of

' the more important considerations follow, The type of fit-

ting ie mainly depenfent on the magnitude of the loads in~
volved and the nature of the parts being connected. The

material should be chosen after consideration of such factors
- as corrosion, fatigue, bulk, weight and production ease, It -

should be possible to inspect service and replace each vital

fitting, Points sometimes over-looked in the deta.il design
of f:lttings include: -

a. Strese concentration. either from section changes
or from welding or heat treating effects,

b. ?qugte allowanca for flexibility of ‘parts being
olined,

c. Specifying proper gurface condition, i, e., & rough
turning Jjob on a highly stressed part invites
cracking and failure,

!b'pical fitting reinforcmnts are shown in Fia:re b,

3. ﬂ'eld.ed fittings subjected to high concantrated loads
should be arranged so that the major part of the load is
carried through shear welds. Special care should be teken
to avoid welds directly around. the sections of lugs, etc.,
which are in bending. _

4, Important fittings such as a strut and wing root con-
nection where the bolts (or pins) are often removed should
be reemed for a tight fit at assembly to prevent undue wear
in service. At some points 1t may be desirable to design
the lugs with enough clearance and margin so that the fite

~'tings can be reamed out if necesgsary to teke the next larger

=13
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WELDED FITTING REINFORCEMENTS FIG. o4

cray o ) o



CIVIL AERONABTICS nnwﬁoﬁrér'uanunn

- size bolt. It is suggested that in some cases the fittings
- may be cquipped with romovable bushings which may be replaced
- when wear becomes excessiva. ‘

5. Tapped fit'tinga should not be used unless bhey can be re-

placed in caae the threads become dmn.aged or stripped.

6. In the d.esign of fittings a.'o the end. of wod gpars there

18 a tendency to crowd bolts too close to the spar end in

order to secure compact fittings. This sometimes results in’
& shear failure of the wood 2long the grain, even though the
design load in the tension direction is smell. To reduce the

~ possibility of such failures bolt spacings and end margins

should be in aceorda.nce wit.h ngre 2—4 of ANC~5.

7. When using extruded sectiona, it should be borne in mind

~“that ‘the nature of the extruding operation produces, in effec'ﬁ,

05,4020

a longitudinal grq:[n structure, Fittings therefore should be

Adeaigned to avoid critical "cross-—grain" loading. ,

8. Fitt:.ng drawings should include ‘tolerances far dimensions

of critical sections, such as 1ugs, in order to maintain the

"required strength.
..BOLTS PINS AND SCRENS

1, In general, bolts at fitting points should be stressed in

_ ,shear, not in comblned shear and bending,

‘2, All bolts, pins and screws in the structure should be of

uniform material of high quality and of first-class workman- -

" ship. Machine screws shauld not be used in the primary

structure unless specifically approved for such use by the

“Authority, The use of an approved locking device.or, mettnd
.~ 1s requimd for all bolts, pins.and screws, =

3. Approved locking devices include cotter p:‘ms, sai’ety ‘wire,
peening, and, with certain restrictions, elastic stop nmuts
and Dardelet Threaded parts. For pins that are frequently
removéd, hard wire sai‘ety pins are satisfactory, provided it

‘ean be shown that there is.no-danger of their coming loosc

or interferring with the operation of the controls’ (See

“'cm 05 414 regardi _use of clevis ning).

4. Restrlc‘bions on the use of Elast.ic Stop mts' are: as

follows :

N They should be made to conform to- Army or Nevy
' ‘ma‘terial . spen ii“ica‘oicns. '

W45
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By They should not be used at joints which subject the
bolt or mut to rotation.

c, T?ey should not be used with bolts drilled for cotter
p n3g,

d. Bolts must be of such length that completely rormed
thread extends through the nut.

- ‘e, They should be called out on the pertinent drawings
submitted to the Authority. :

5 Restrictions on the use of Dardelet Threaded parts follow:

a. The parts mst be manufactured by a licenses of
Dardelet Threadlock Corporation under the terms of
- its license agreement. (Note this covers manufactur-
~ ing considerations peculiar to this design.)

b. They should be made %o conform to Army or Navy
material specifications,

¢. They should not be used at joints which subject the
bolt or nut to rotation,

d. Bolts must be of such length that completely formed
thread extends through the nut. _

e. They should be oslled out on the pertinent drawings
submitted to the Authority.

WOOD SGRETS

The use of wood serews in the pr:l.mary structure is not
advisable except in special cases when the suitability of
the particular application must be proved to the satisfaction
of the Authority. - _

~ EYE BOLTS

 Special eye bolté 'and 8imilar special bolts should have

‘. a fillet between the head and the shank of at least 1/4 the
diameter of the bolt when used in control surfaces or at

ather locations where they might be sub:)ectad to bending or

' vibration.

CASTINGS ,
1, Castings used in.the primary structure should incorporate

.4-16
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the multlplying factor-of safety spec1fied in CAR 05, Table
05-% and should be of such material and de51gn.as to. insure
the maximum degree of reliability and freedom:from defects.'
The Authority reserves the right to prohibit the use of
castings where such use is deemed to be unairwcrthy. '

2. Castings should be obtalned frcm a reliable source with -
experience on similar type castings. Such castings should
incorporate generous fillet radii, ample draft, and gradual

- changes of section. Souhd castings can only be secured by
proper consideration of and allowance for the flow of - '
molten metal in the mold. Casting drawings should be "load
marked", i.e., the direction and approximate magnitude of -
the design loads should be shown, It is then possible for
the fbundny to.cast the densest and soundest metal at the

~ critical sections. Finished surfaces should end in radii

" at inside corners:to prevent stress concentration, Some
of the more importamt design and drafting conhsiderations -
are given in Flgure +4-5, It should be emphasized that -
these are not given as requircments but merely as values -
and points found acceptable in geoneral practice. Refer— -
ence should be made to trade literature of the various
metal and allcy producers for additional informatlon.

B4 As with other glider parts, the: acceptance of castings

. .for primary structure is predicated upon thorough and .

. adequate inspection. It is customary to test and section

cor to X-ray the first castings of a new part in order to

~be certain of good design and satisfactory foundry technique.
Production runs may be inspected visually in conjunction with
occasional tests for verification. Hardness testing of the.
casting and physical tests of test coupons cast with the part
.are also used,  Steel castings with smooth surfaces may be in-
.Spected by magnafluxing. X-raying provides a good means of
thoroughly inspecting castings if the results are properly
1nterpreted, {. Cuy by an expert. o :

05,403 TIE-RODS AND WIRES

 '1. The mlnimum size of tie-rod recommended for use in primary
- structure is No. 6-40, The corresponding minimm size of
,31ng1e-strand hard wire is No. 16 (0,051 inch dlameter).

.~ Re When unswaged threaded—end tie rods are‘used;,partlcular
- attention must be paid to the end cénnections to insure proper
- alignment, The wires should be so carried’ through sleeves or
fflttings that any bending is limited to the unthreaded portion
of the rod." Where this 1s not ‘done, even small bending stresses

‘o4-~1'7
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ALLOY

MINTMUM

FILIET
rapzus(3)

- MINIMUM

sgcTToN(3)
(Webs,
etec. )

RATIO OF
ADJACENT

smTIONs(4) |

‘reuarks (1) (2)

Alumi num—
ilcoa 12,
5 etc.’
d equi-
valent

.1/8"4

Ve

sed where strength is not primary
consideration. Alcoa 12 (SAE No, 33)
'should not be used where subject to

 |shock or impact, due to its low

elongation (2%). Alcoa 43 (SAE No,
85) ‘and 356 alloys which have high
silicon content are used where leak-
proof or complicated castings are
required.

!

{

3/16n

sﬁa" - .
5 6"
(1/8" ir
structur-
ally un-
rtant)

3:1

" |Most aluminum alloy structural casi-

ings are made of the 195 or equi-
valent material. The 220 alloy is

1superior for shock and impact load-
1ing but castings should be simple
|due to the difficulty in securing

satisfactory complex castings,

1/8"

1 gn

Red brass such as SAE No, 40 or

Federal Specification QQ-B-691, grade
2, is used in fuel and oil line fit-
tings. Phosphor Bronze {SAE No. 64
and No. 65 or Federal Specification
QQ-E-891 grade 6) is used for anti-
friction installations such as bush-

tings, nuts, gears and worm wheels,

Manganese and aluminum bronzes (SAE’
No. 43 and No. 68 or Federal Speci-
fieations QQ-B-726 and Q~B~691) are
used where maximum S‘brength and 1ﬂrd-
ness are desired,

|

|

[
Magnesium

|greater

1 /8 0
(s0%

prefer-

aluminum |

5752

Not recommended for use at elevated
temperatures (13mit approximately
400°F) or in exposed locations on
seaplanes., Particular care should be

observed in proteeting against cor- |
rosion and electrolytic action, -

(Continued.on next page.)

FIGURE ,4-5 SUCJESTED CASTING PRACTICE

i
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- MINIMUM

MAXTM

ganese,
Jtensile-strengths . the effect of the =
lecorresponding low: elongatlon shoala

When using<high ultimats

be considered.

- ALLOY | - MINTMOM R A -
- . FILLET SECTION(S) RATIO OF reMARKS(2) (R) -
RADIUS(s) (Webs, ADJACENT S
| ete.) SEcTIONS(4) e e
Steel | 1/4" 1/4" 52 Used primarily for heavily loaded ;
(xR parts such as in:landing gear of - }
- prefer— " jlarge aircraft, = Alloys used include
red). . chrome-molybdenum, nickel and man-

(1) For allowable stresses see ANC-5
For additional factor of safety see CAR 05, Table 05-3.
factor the 50% stress reduction noted in ANC-5 may be diaregarded.
Larger values should be used where possible-

) nghly dependent ori other factors.

uStrength of Aircraft Elemenfs“

W¥hen using this

. FIGURE o4-5 SUGGESTED GASTING PRACTICE- (Continued)
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may soon cause fatigue failure lt the thread roots, High

" mayrgine should be incorporated-since practicaily 2ll workins T
from tension loads, with attendant stress:concentration, will™

‘o6cur in the threadsd portion. : Swaged tie rods are: consider-
ed much more satisfactory and: my be no more: costly in -
quantities, A satisfactory.locking means should be used.

o Check nuts have been found. aceeptable for thia purpose, .

.--_.::_5. Hard wire (single ‘strand) should never be used for lift
—o0 o and landing.wires - because of its unreliable nature.’- 19 strand
o el oabley:7.x 7; or-7-x-19 construstion with ends epliced; or

.t served and: soldered should bs used instead., The ends should
“uolon beomade; over:-standard cable thimbles or cable bushings, and-
' '-.*-'f-tumbuoklea supplied for addustmant.

05,4050 w:m. Tmnums 8

s The‘asaumed terminal efficiency of single—strand hard :
wire should not be greater t.ha.n 85 per cent. S s

05,4081 wmn ANCHORAGES

A fitting attached to a wire or cable up to and including
"~ the.3,400-pound size shoild hive.at léast the rated strength
of the wire or cable, and the multiplying factor of safety for
fittings (CAR 05, Table 05-3) is not required in such cases.
In the case of ﬁttings to which gseveral tie-rods or wires
are attached, this recommendation applies separately to each
portion of the fitting to which a tie-rod or wire is attached,
but does not require simltaneous application of rated wire
loads, The end connections of brace wires should be such as
to minimize restraint against bending or vibration.

05,4032 COUNTER WIRE SIZES

In a wire-braced structure, the wire sizes should be such
that any wire can be rigged to at least 10 per cent of its
rated strength without causing any other wire to be loaded to
more than R0 paer cent of its rated strength. As used here
"rated strength" refers to the wire proper, not the te:n‘l.na.l
See glso CAR 05,274 and CAR 05,275,

05,404 GENERAL FLUTTER PREVENTION MEASURES
1. The Authority reserves the right to require special pro-

vigsions against flutter in any case when such provisions
appear to be NECessary.
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2, The genarel principies ef fiutter prevention should be

-observed:on all gliders. This applies- particularly to the

design and- installation of comtrol surfaces and- control
systems snd includes. such desireble features:as structurel

:atﬁmsu, redietion of play in hingss and control system

Joints, .rigid intercotnections between ailerons and between
elevators, & relatively high degree of mass balance of con-

- trol surfases, high frictional damping, and -adequate’ wing
fillets and fairing, Features tending to create aerodynamic

disturbansee, such as sharp leading edges on movable surfaces,
should be carefully avoided. ' These princtples-apply also to
wing flaps-and particularly t0 contiol surface tabs, which

are relatively powerful and correspondingly more dangerous if
not properly designed. It should be realized that various

forms of flutter are possible and that there usmally existe

. for each type of flutter a critical spesd at -which it will

begin, This critical speed will be raised by any.improvement
in the anti-flutter cheracteristics of the particular portion

of the glider involved and may cven be eliminated entirely

in some cases. Not all of the previously named aida to
fiutter: Drevention are necessary in combination, as the de-
sired result can often be achieved by utilizing only certain
Ieaharas to a snfficient degree

 DETATL DESIGN OF WINGS

GENERAL

1, The wre elementary types of gllders logically call for

hexpensive wing construction, with simple parts easy to
assemble. . The two spar wing with single drag-bracing is
popular.. This is varied by using double drag bracing of
wood or nire, which tends to distribute' the loads more uni-

-formly between spars, but complicates the analysis undily

wnless its effect is (conservatively) neglected. In this
case the structural efficiency ig not of primary importance,
so a solid spar gives economy and simplicity as compared to

-theimilt—-np types, such as the "box" or "I" beam,  This is

especially’ true for the ext.emally—braced straight wings
usually employed. When greater structural efficiency is
required, as in the intermediate classes of &liders, or
advanced trainers, some benefit in weight saving will be.
obtained by using a btuilt-up ‘single-spar construction. This
helps at the wing tips especially, where weight saving is of
greatest benefit. to lateral maneuverability.

2. Where the wing is straight.and spars parallel, assembly is
very quick and easy. 'As soon as a tapered wing is used, with
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spars converging, and often bent, ths groatest merite of the

. two-spar type-of oconstruction are lost, A tapered wing pre-

supposes design for greater efficieney, therefore, it is of
higher aspect ratio and calls for a more efficient beam, The
single built-up spar with stressed .leading edge cover on the
wing is practisally universal on sdvanced designs, both in
cantilever and braced wings., Some straight wings also use
this type of strusture, o

8. "suoh' eonstrncﬂon requires careful workmanship beth in

lamineting the spar and in attaching the nose cover over the
supporting nose-ribs., Special arrangements have been devised

- for attaching L.E. covers.
‘4. The single-spar wing lends itself to metal as well as

wood construction. The main ressons for not using metal have

- been the special skill required to work it, and the fact that

the structure is usually not highly enough loaded to permit
the most efficlent use of the meterial, The minimum gages of
material usable from the standpoint of handling, workability,

-and corrcsion resistance tends 10 exceed that needed to carry

the design léads. With a high sspect ratio, thin wing, having

a high design wing loading, it is likely that metal construction

will be as light and efficient as wood. The labor to assemble

- would be scmewhat greater than for corresponding wood construc-
‘tion, . o ' L T -

§. It is necessary on the single apé.i' wing to flare out the

-structure at the root to provide a reasonably wide base for

carrying the drag and torsion loads into the attachment fit-
tings, A secondary member is usually run back from the spar

" at an angls comnecting into the rear root fitting at a chordal

point corresponding approximately to, the rear spar position

in a two spar wing. The nose covering is carried back to this
member; to give structural stability, two pins at the root,

one forward, and one aft are necessary for an externally braced
wing. Full cantilever wings require horizontal pins at the

top and bottom of the spar, or one vertical pin full depth at
this point, and another pin aft to take out the dreg and torsion
reactions, Scme wings have another pin at the leading edge to
increase the rigidity, but this is not necessary in order to get

"a completely stable structure. It is desirable that the two

lower horizontal pins be in line fore and aft so when the third

pin or strut is removed the wing will hinge down for ease of

assembly or knock-down,
TORSIONAL. STIFFNESS S
1. It 18 essential that the wing Structurs have adequate Stiff-

+ 422
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nesa in order to insure freedom from ﬁutter'and othsr un-

“ desirable characteristics, - This is particularly important with

reference to wing torsional stiffness., Fabric covered wings,
in particular, may be critical in this respect. When question
28 to adequate torsional stiffness arises it is customary to
check the deflection characteristica by the application of a
torque couple near the wing tip and by measuring the resulting
angular deflections along the spen. It is then possible to
determine the coefficient of torsionsl rigidity C7R of the

- wing. A typical test procedurs is given in CAAM 05,3,

2. Since the actual torsional deflection of the wing w:lll
depend on the moment coefficlent of the airfoil employed, it
is advisable to introduce the additional criterdon that the
maxinmm torsional deﬂoc'bion under the limit load 4ritical for
toraion not excead 3°,

- WING BEAMS

X. Provisions shauld be made to reinforce wing beams against
torsional failure, especially at the point of attachment of
lift_ struts, brace wires and alleron hinge brackets.

SCLID WOOD SPARS

-So0lid wood spars should bo made of the bét grade spruce,
They may be tapered in depth or thickness, but should not be

thimmer than approximately 1/4 inch at any point.

BU II.T—UP SPARS

1. Of the tuilt-up types of spars, the box with amooth plywood
facea 1z the mosgt convenient for attaching ribs and has half

as many flanges to maks as the "I" type. In either type,
blocking must be provided at all peints where they are fittings
attached, ete. Such blocking must be tapered off at the ends
to avoid concentration of stress in,the flanges, Intermediate
verticals are provided in some cases to increass the allowable
stress in the webs, These verticals need not be filletod at
the ends unless they also carry a concentrated load to be dis-
tributed into the spar web. On box spars the attached rib
verticals provide this stiffening effect on the webs. CAAM
01.53 shows details of spar canst.ruc'bion. :

2, Top and bottom spar ﬂanges are usually proportioned. accord-

ing to the relative bending loads in each direction 30 as to
giva uriiform ma.rgins of safaty, _
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3. Spar webs are. made of spruce, ‘mehogany, or birch plywocd,
Thase are usually of three-ply construction, but special two-

" ply and 45 degres constructions are available in spruce and

mahogany, providing somewhiat higher 2llowstle stresses. The
face grains of 3-ply should be laid vertically on the spar.

ASpJ.ices should be vertical, preferably over a stiffner.

- 4. Laminated spars may be splicéd in either plane, and splices
in the various laminations should be spaced well apart. Splices

in solid spars, ‘if any, should be in the vertical plane, as

-ghown in CMM 01.33,
_ LEADING EDGE.

1. Ordinarily three-ply plywood leading edge material is laid |
with the face-grain spanwise. The best arrangement, however,
is to use mdterizl having faeceplizs at 45 degrees, center—ply

rumning spanwise. In any case, the material must be securely

fastened at each rib in order to develop its full strength.
Solices in the nose. covering should be made over a rib, A
minimum thickness of 1/16 inch i‘or spruce or mahogarw is recom-
mended.. _

2. On designs where the leading edge covering comes to the spar, .

- the latter can be built full depth of the wing, with a saving
- of weight over the type which is run under the rib cap strips

and then built up flush with spacer strips between ribs. The
nose cover serves to gusset the nesec ribs to the spar, and an

additional gusset with face grains running chordwise should be

provided to attach the cantilevered tail mbs. Sufficient
glued area must be provided to the face of the spar to carry

_the vertical shear from the ribs, A smoother covering can be

obtained by scalloping the L.E. covering back past the spar
between ribs, to keep the fabric from pulling abrupt.ly over
the sharp edge. of the spar.

'1. Rib spacing under & stressed torsion—nose depends on the

thickness of the plywood and the curvaturs. Usual practice is

~ about six inch spacing with 12 inches for tail rids. This can

be increased where the limit stress is very low, but sufficient

" ribs should be provided to hold the surface true and prevent

"pil cans". Roughly, the maximum spacing for nose ribs should
not, be greater than the nose rib chord, preferably Jess,

2, It is recommended that a leading edge spanwise strlp be pro-
. vided under the cover for support and for drag load in the
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single-spar wing, The greatest cross-gectionsl dimemsion of

the strip should be fore and aft,

Ss Nose ribs should be stiff enough to allow the nose cover-

ing to be clamped down.hard for gluing. The lightest practical
method of getting the required stiffness is to build the rib

up out of approximately squars material and carry the joint
gussets the full length of the cap strips so as to increase

the bending stiffness of the caps between supports. Nose-rib -
caps must be héavier in order to avold splitiing when the cover-
ing is to be nailed on than when the gluing work is clamped only.

4., End ribs snd corner ribs should be braced or specially de-
signed to provide stiffness against fabric tension loads. A
double get of ribs two or three inches apert and comnected with
a plywood cap top and bottom is effective, or a rib with members .
four or five times normal width will usually provide the neces-
sary stiffness. .

TRAILING EDGES

Typical laminated trailing edges are shown in Figure .4-6.
Bent up metal trailing edges are also used, but are more diffi-
cult to attach satisfactorily to the ribs. In any case, trall-
ing edges must be husky enough to withstand considerable rough
handling when setting up the glider.

WING TIP BOWS
Wing tip bows are frequently made of wood, laminated, or

steel tubing attached by welded clips bolted to the spars. The

lower surface of tips should be covered with metal or plywood
for protection, :

STRUTS -

- 1, Struts may be wod, or metal t.ubing, either round with

fairing or steamline in shape. Either steel or aluminum alloy

is frequently used.

2. The wooden struts are usually tapered and are made up solid
or of square or rectangular section with plywood fairing. Wood
struts must be carefully designed to carry the tension loads
from the metal end fittings into the wood.

3+ Steel struts have the necessary end fittings welded on so

. that the load is carried through the weld in shear, while with

aluninum alioy the fittings are riveted or bolted into the end
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of the strut, A typieal end-ﬁtting for a_streamline steel
strut is shown in Pigure (4~7., For a single strut, it is
desireble te¢ provide universsl snd fitt.ings similar to

. Figure .4“-7. .

4, -Care shauld be t&ken in *bhe design of the attechment of
struis and wires to avoid eccentric loads tending to roll the
spar or bend it in the weak direction., This can be avoided

~on two-spar wings by providing a deep drag strut near the
‘gtmit point capsble of stabilizing the spars. On gingle-spar
wings it 18 desireble to keep the styut axis under the spar
axis, but in case ‘there is & fore and aft éomponent of load
at tho sttachment point, & nose rib should be provided to
distribute this ints the nose covering.

5. In connection with ‘single spar braced’ w:lnga employing .
fairly high cambered airfoils (which have & large C P travel), -
it is wise to provide for semo freedom at the strut attachmsnt -
to allow for flexing of the wing without straining or intmduo—
ing dangerous secendary loads into the strut. A sorious - -

_‘secondary load could be imposed on the strut when flying at a
low angle of attack into a "down" gust unless the wing is
exceptionslly rigid or freedom to. flox is provided by means -
simélgr to 8 uni'rersal Joint. - Ball aockat ;}o.tnts are not rocom-
mandad,

05.4121  JURY smms

When clamps ar¢ used for the attachment of Ju:-y struts: to
1ift struts, the design should be such as to- prevent misaligm‘ :
ment or. 10cal crushing of the 144 strut,

05.415 WIRE BRACING

1, Extemnal bracing, When streamline wires are used for ex—
ternal 1ift bracing they should be double, (See CAR 05.273).

2. Wire-braced gliders. If glider wings are externzlly braced
by wires only, the right and left sides of the bracing should
be 1ndependent of each other so that an unsymmettrical ioad -
from one side will not be carried through the cpposite wires - .
before being counteracted, unless the design complies with the
following conditions. :

‘8, The minimum true angle ‘between any ext.ernal brace
ﬂireandaapar is 14. :
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at strut or wire attachment fittings that may ‘have #ide load
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s The counter (landing) wires are dasigned ‘to remain
in tension at 1oaat up to thc J.imit 1oad.

¢s The landing and flying wires are double,

B¢ Drag truss, Fabric-covered wing structures having e

cantilaver langth of overhang such that the ratio ‘of :span
of overhang to chord at rect of overhang is greater ‘than

' 1.75 should have & double system of internsl drag trussing

spaced as far apart as 'possidle, or other means of providing
squivalent. torsionsl stiffness, In the former case counter
wires should be of the same size au the drag wiraa (See also

CAR 05 275.)

4. llultiplo—atra.nd cable should not be used in drt.g trussos
unless suoh use is substantiated to tho satisfaction of the
Authority. _

WING FITTINGS _
1, In designing wing-root fittings, , care should be teken: to

box or brace. the extending flat ears at the attechment bolts
stiable

componente as well as compression and tension loads, This
can usually be accomplished by welding & shear plate on to

Torm & three-sidad box, or by bracing with an external web on
‘one or more sidea of tho fitting. If clevis pins are used in
place of bolts to conmeet the two parts of a fitting, the

fitting should be designed asccordingly. Particulaer -caire should
be made to provide the extre rigidity in fittings that would
normally be provided by the clamping action of bolts and nuta.
‘Tt should be pointed out that the load distribution in & parti-

‘euwlar fitving may differ when the attaching 'bolta ‘and nuts are

replaoed by clevis pins and safety pins.,

12. ‘Bolts for at.taching fittings to spars are paaud dirsetly

through the spar, or through suitable bushings to increase the

bearing area in the wood, Care should be taken not to woaken
‘the spar by toc closs a apacing of bolts, s or reduction of the

effective section moment of insrtia below the critical -value,

'If necessary, the spar can be padded out locally by laminating

to increase the gpar width. Ash or maple is somctimes -uscd for

‘this when the stress is high as it gives greater bearing strength
under the bolts. Unless ash or meple is used under :fittings,

‘soft wood should aiways be built up locally with:a layer of
‘birch plywood to prevent crushing under the fittings and bolts,.
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and to ‘prevent splitting of the spar.,

8, Care should be taken to have all bolts in wood spars
stresged only axially and/or in shear, wherever possible, as

- bending on a bolt is more likely to split the wood. Bolts

i:ssing through wood should always be provided with the

large bearing washers where there 18 no fitting to serve this
purpose, For grouped bolts, it is desirable to provide a
single plate on the back side to distribute the load over a
large area, rather than to provide separate washers for each
bolt, Examples of good and bad i‘itting designs-are given

in Figure «4-8.

FABRIC COVERING |

1, Thg febric (see GAAM 05,4000-6) should be well finished
with dope to provide a smooth surface in keeping with the
desired high performance.

2, Tt is vell known that a rough surface creates a large

inocrease in skin friction drag. Since the drag of a well

designed high performance glider iB mostly of this type and
form drag is reduced to 2 minimum, it is important to get
the besgt surface finish possible. Means of obtaining a

‘high finish is dealt with in CAAM 05,4001-8.

8, A1l handholes through the fabric and holes where. controla','
etc., enter should be properly reinforced preferably by
light plywood gussets. .

" 4, Tt is common practice to cover a wing entirely around the '
leading edge with fabric.

' METAL~COVERED WINGS

1. The detail design of such wings should incorporzte suitable

" provision against buckling or wrinkling of metal covering as
.specified in CAR 05.,201. _

2. The covering should be suffi c:r.ently strong and adequately
supported to withstand eritical air loads and handling without
injury or undesirable deformations. Deflections or deforma- -
tions at low load factors which may result in fatigue failures
should ba awidedo

- DETAIL DESIGN OF CONTROL SURFACES

1, Trailing edges must be as- substantial as for wings, to hold
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shape under the fabric tension load.

2. The covering of control surfaces should be provided with
‘ holes for drainage and "breathing". : .

5. 4n improvement in control and reduction in drag can be
-accomplished by covering the gap between control surfaces..
Thin metal or celluleid on the outside of the gap, or fabrie

- inside is frequently used for this purpose. On some designs

- a circulsr leading edge on the mcving surface fits snugly into
the other surface so that the resulting smsll gap needs no

- other -seal. “Care should be taken that the gap covers do not
. obstruct free dreinage, or create undue friction.

4. The stabilizer on experimental designs should be arranged
50 -that the incidence can be revised if mecessary after flight
tests to get the mrorer balance,

.5, On wings which have no means of adjusting the twist, a
small metal tab fastened to the trailing edpe of one aileron
can be bert as necessary to trim the wing laterally. In
‘extreme cases this may be necessary on the rudder also.

© 6, If the elevator is mmsually low so that it drags in high
grass, it will save some repair work to cover it with Grade
A fabric instead of with light glider fabric.

7. The leading edge of wood fins and stabilizers is covered
with plywood to hold the airfoil contour. Spars may be built~
up or solid. . Ribs are trussed as in wings unless the surface
is thin, when ribs are usually built with solid plywood webs.
8, Tall ribs are trussed in the usual way with diagonels in
compression under normal flight. A minimum praetical size for
caps and diagonals iz about 3/16 by 1/4 inch, when using gussets.
When the trussing is glued directly to the caps without gussets
the material must be wider and thinner to provide sufficient
gluing area. A1l joints should be made as concentric as is
practical, : ‘ i

‘9, It will be found very convenient for construction purposes
to design the wing ribs and aileron or flap ribs together so
that the two surfaces can Ye built up ag 2 unit with thair
respective spars in place and parted after completion. This
avoids tédious lining up and independent jigging.

10, Special care should be taken to provide sufficient strength

to carry concentrated loads from aileron and flap hinges into the
main structure. A separate structure is uemally not necessary:
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to carry these loads, but the ribs at these points should be
somewhat oversize with respect to the hinge reactions because

- of the redundancy between aileron and wing structure. The

control horn reasctions must also be provided for. It is de-
sirable to have the control horn at a hinge so as to take out
the los< through the hinge without bending the beam in the
control surface. This also eliminstes undesirable flexibility
in the control system.

11. Control horns are usually constructed of plywood or metal,
preferably the latter, They should be attachsd to the control
surface spans near a hinge to avoid bending the spar, and in
such 2 manner to distribute the loads into the spar without
tending to split it.

12..Aileron and flap surfaces, as well as tail surfaces are
designed to carry the loads from the control horn either by
adopting a torsion-tube construction, or using diagonal ribs,
The first method is carried out by boxing in the leading edge

~of the surface with plywood, providing cap strips at thc comers

of the box for gluing. In the latter method, the surface ribs
are laid out in a continuous zig-zag truss from the horn.

13, Long ailerons often have two control horns in order to
provide extra torsional stiffness and keep Johe surface from
feeling "rubbery" under load.

14, Although many high-performance ships have continued to use
external control surface horns, it is believed that internal
horns are a worthwhile attempt to reduce drag.

INSTALLATION

1. Movable tail surfaces should be so installed that there is
no interforence between the surfaces or their bracing when
any one is held in its extreme position and any other is
operated through its full angular movement.

e It is very important that. control surfaces have sufficient
torsional rigidity. No specific limits of permissible maxi-
mm deflection of the surface alone are offered, since these
may vary widely with the type, size and construction of the -
surface. However, the bechavior of the surface during proof
tests should be closely observed, In addition the effect of
the control system "stretch" on the total surface deflection
urder limit maneuvering loads should be considered from the
standpoint of "surface usefulness" as described in CAAM

'05.430,
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8+ Clearances, both linear and angular, should be sufficient
to prevent jamming due to deflections .or to wedging by foreign
objects, particularly safety pins. It is common practice in
the design stage to incorporatc an angular clearance of &-
degrees beyond the full travel limit. Surfaces'gnd their.
bracing should have sufficient ground clearance to avoid damage
in operatlon, or when one wing tip is resting on the ground. -

4, External wire bracing on tails is subaect to v1bration and
the design of the wire assembly and end cornections should be
such as to withstand this condition.  Leading edges and struts

‘should have adequate strength to withstand handling 1oads if

handles or grips are not provided,

5. Direct welding of control horns to torgue tubes (without .
the use of 2 sleeve) should be dons only when 2 large. excess
of strength is 1nd1cated.

STOPS

1. Stops afe.not'specificaliy required at control surfaces ex-
‘cept in the case of adjustable stabilizers or elevator trailing

edge tab systems. In these cases the stops should be positioned

. so as to limit the travel to the approved range. However, it

is recommended that some form of stop be employed at all sur-
faces in order to avoid interferences and possible damage to the
parts concerned; particularly in the case of large surfaces
whera the deflections in the control system may permit the sur-
face to exceed the degign range of travel, _

HINGES

1. Hinges of the strap type bearing directly on torque tubes

are permissible only in the case of steel torque tubes which
have a multiplying factor of safety as specified in CAR 05.276,
In other cases sleeves of suitable material should be prov1ded
for bearlng surfaces, . :

2. Clevis pins may be_usedgas-hinge pins provided that they

fare"made of suitable material and properly locked.

%« The f0110w1ng points have been found of 1mportance in eon—
nectlon with hinges: ‘ :

a. Provision for 1ubr1cat10n should be mada if self—
‘Iubricated or sealed bearings are not used.

: b. The effects of deflection of the surfaces, stch as
in bending, should be allowed for, partlculariy w1th
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respect to misalignment of the hinges, This may
~also influence spacing of the hinges. '

© ¢o Sufficient restraint should be provided in one or
: more brackets to withstand forces parallel to the
- - hinge centerline. Rudders, for instance, may be
. subjected to high vertical accelerations in ground
operatlon.

d. Hinges welded terlevator torque tubes or similar
~ components may prove difficult to align unless kept
reasonably short and welded in place in accurate

:jigs.

-~ e Piano type hinges are acceptable with certain,restric—
. tions. In general, only the "closed" type should be
used, i.e., the hinge leaf should fold back under the
attachment means. The attachment should be made with
~ some means other than wood screws, and this attachment
should be as close as possible to the hinge line to
reduce flexibility.: Piano hinges should not be used
at points of high loading, such as opposite control
horns, unless the reaction is satisfactorily distri-
~ buted. - Due to the difficulty in inspecting or replac-
ing a worn hinge wire, it is better to use several
short lengths than one long hlnge. '

~ELEVATORS

1. When separate elev"tors are used they should be r1g1d1y
interconnseted, _

Re Whenfdihedral is incorporated in the horizontal téil the

universal connection between the elevator sect1ons should be

_ rugged and free from play.

AILERONS

‘l. It is ‘suggested that ailerons on gliders hawing a design

gliding speed V., in excess of 125 miles per hour and ailerons
attached to intérnally-braced wings, to wings braced by wires
only, or to wings which in the opinion of -the Autherity are

“susceptible to flutter, should be statically balanced about
_their hinge lines when 1n the neutral position.

WING FLAFS 4

1. Flaps should be so installéd as not to induce flutter or
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appreciable buffeting,

2+ Ground clearance of the flaps should be considered in the
initial design stages, 1% inches being a2 reasonable minimum,
Since flap travel may be wvaried before final approval in
order to secure the desired flight-path, trim, or landing
characteristics, the maximm expected travel should be used
when determining clearance.

TABS

‘1, Control surface tréiling—edge tabs should be statically

balanced about their hinge lines, unless an irreversible non-
flerible tab control system be used. The installation should
be such as to prevent development of any free motion of the
tab,

Re When trailing-edge tabs are used to assist in moving the
main surface (balancing tabs), care should be taken in pro-
portioning areas and relative movements so that the main sur-
face is not aerodynamically overbalanced at any time,

3. Minimum deflections and- play are of first importance in
the installation of these surfaces. Strength of the surface
and anchorage should be sufficient to prevent damage or mis-
alignment from handling. This is particularly true of thin
sheet tabs which are set by bending to the proper position.

CONTROL SYSTEMS
GENERAL

1. Rigidity. It is essential that control systems, when
subjected to proof and operation tests, indicate no signs of
excessive deflection or permanent set. In order to insure
that the surfaces to which the control system attaches will
retain their effectiveness in flight, the deflection in the
system should be restricted to a reasonable limit. 4s a
guide for conventional control systems, the average angular
deflection of the surface, when both the control system and
surface are subjected to limit loads as computed for the
maneuvering condition neglecting the minimum limit control
force but inecluding tab effects, shovld not exceed approxXi-
mately one~half of the angular throw from neutral to the
extreme position. {(See CAAM 05,420-2)

2, Dual controls. Dual control systems should be checked
for the effects-qf\opposite loads on the wheal or stick.
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This may be critical for some members such as sileron bell
crank mountings as an "open" system, i.e., mo return except

. through the balance cable between the ailerons, .In additioen,

the deflections resulting from this long load path may slack
off the direct connection sufficiently to cause jamming of

.cables or chains unless smooth close~-fitting guards and fairleads -

are used,

3. Control system looka. When a device is provided for locking
& control surface while the aircraft is on the ground or water, -
compliance with the following requirements should be shown:

‘&, The locking device should be so installed as to
. positively prevent taxiing or taking off, either
intentionally or inadvertently, while the lock
is engaged. :

- be Means should be provided to preclude the possi-
bility of the lock becoming engaged -during flights.

4, ¥elds, Welds should not be employed in control systems
to carry tension without reinforcement from rivets or bolts.

POIS-ITI.ONINC- AND LAYOUT
1. The predominating typc of cockpit controls is the stick

- and pedal system. Wheel control is sometimes used for high

performance gliders with restricted cockpit size.

2, Travel, It is suggested that the total travel at the top
of the stick should be approximately 12 inches or more in -
both planes to avoid undue sensitivity of the elevators and
provide sufficient leverage on the aileron. Nhen a wheel
control is used the angular motion should be not less than

.60 degrees sither side of neutral.  Rudder pedals should

have about two inches travel either way.
S Positioning. ‘In the layout and positioning of a control

to its convenient placement for the usual sequence of oper-
ations, . Thus for landing, it is desirable that flap control
and brakes be operable without changing hands on the wheecl
or stick. Likewise secondary conmtrols should be so located
that the possibility of aceidental or mista.ken operation is
remotes

4, Centering. A point sometimes overlooked is the effect
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on the centering characteristics of the control.
STOPS |

1, All conirol aystems should ‘be pronded with stops which
positivelv limit the range of motion of the control surfaces,
Stops should be capable of withstanding the loads corres-
ponding to the design conditions for the control systam.

2. Althou.gh the location of stops within the oorrbml system
is not specified, they should preferably be located close to
the operating force in order to avoid a "springy" control.
Additional stops may in somo casos bo needed at the surfaces.
Stops should be adjustable where production tolerances &re

such as to0 result in appreciable variation in range of motion.
* HINGES, BEARINGS, AND JOINTS '

1, Hinges. Standard odntrol surface hinges are available at
+he supply houses, In general, hinge pins should be 1/8 -
-ach or more in diamster. If clevis pins are used, a washer
should be placed under the cotter pin. Standard A-N bolts
or clevis bolts are preferable to clevis pins in the rotating
Joints of hinges or controls.

2 Bearings. Bearings should be arranged so they can be. -
lubricated to prevent undue wear and loosening up of the sys'r.em.

%, Friction. 'Friction' should be especially avoided in the
aileron control systems of large high performance gliders as
this control tends to. be heavy. This may sometimes dictate the
use of anti-friction bearings at heavily 1oaded pivots.,

4, Iocking devices, Bolts, straight pina, taper pins, studs,
and other fastening means should be secured with approved lock-
ing devices. The assembly of universal and ball snd socket
Joints should be insured by positive locking means, rather than

by springs. Woodruff keys should not be used in tubing unless
" provision is made against the key dropping through an oversize

or . worm seat.

5. Cockpit controls, Stick pivots and other _similaz' Joints
in the control system that tend to wear rapidly should be con-
structed with a spacer tube on the through bolt to teke the
wear in the bearing and allow the bolt to be clamped down’
tight, See Figure =84
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CABLES, FULLEYS AND FAIRLEADS

l. Cables. Control cables should be of the 6 x 19 or 7 x 19
extra-flexible type, except that 6 x 7 or 7 x 7 flexible cable
is acceptable in the 3/32 inch diameter size and smaller. For
properties see Table 4-11 of ANC-5. End splices should be

made by an approved tuck method such as that of the Army and
Navy, except that standard wrapped and soldered splices ars
acceptable for cable not over 8/32 inches in diameter. Approved
swaged-type terminals are also- acceptable. Dimensions for
approved splices are given in Figure .4-1l. It should be remem-
bered that cable sizes are governed by deflection conditions

as well as by strength requirements, particularly when a long
cable is used. Some accepteble types of cable jolnts are given

4n Figure .4-3.

2. Turnbuckles. Turnbuckles should be located so as to be
accessible for adjustment and preferably not in the center of
long unsupported spans where they can slap around too freely.

- Examples of turnbuckle installations are given in Figure .4-10,

5. Spring comnecting links. Spring type connecting links for
chalns have not been found to be entirely satisfactory in
gervice, It is advisable that a more roliable means, such as

~ peening or cotter pins, bo employed.

4. Fairleads. Fairleads of non-metalic material, such as the
phenoliec plastic compounds should be used to prevent cables,

chains and links from chafing or slapping against parts of

the glider, btut should not be used to replace pulleys as a
direction~changing means. However, wherc the cable load is
smz2ll, and the location is open to easy visual inspection,
direction changes {through fairleads) not exceeding 3° are

- satisfactory in.primary contrgl systems. A somewhat greater

value may be used in secondary comtrol systems,

S Pulleﬁﬁ. Standard pulleys of the 4-N type are lighter

than metal pulleys and readily available., Pulleys that carry

" 8180 degree wire bend should be carefully mounted so that
-~ there is no dangér of their lganing over and binding under

load, They should also line up &deurately with he plane of

the cables or the flanges will wear vut Quickly. Sez Figure
"+4-11, All pulleys should be provided with annular guards

80.located that a slack wire cannét gat off the pulley in
any manner and Jam it.
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064435 'MOTIONS AND CLEARANCES

1e-Tension changes., The movements of horns, cables and
other components with respect to each other should be such
that there is no excessive changs in system tension through-
out the range. Adjustable stabllizer-elevator combinations,
in particular, should be checked for this ocondition. Pulley
guards should be close fitting to prevent jamming from slack
¢ables since wide temperature variations will cause rigging
~ loads to vary appreciably.

2e Aerodynamic balancing. When using extreme values of dif-
ferential motion in the 2ileron control system or a high degree
- of agrodynamic balance of the ailerons, the friction in the

- systom must ba kept low, otherwise the ailergns will not retwrn
to neutral and the lateral stability characteristics will be
adversely affected, This is particularly true when the ailerona
&re depressed as part of & flap system, in which case there may
even be definite over-balance effects.

8. l'}reeping." Adjustable stabilicer controls should be free

from "creeping" tendencies. When adjustment is secured by means
“of & screw or worm, the lead angle should riot exceed 4° unless

additional friction, & detent, or equivalent means is used. In

genera.l, some form of irreversible mechanism should be incor-
porated in the system, particularly if the stabilizer is hinged
- near ths trailing ‘edge.

4, Interference. Proper precautions should be taken with respec‘l;
to control systems to eliminate the possibility of jamming, in~
terference from Gargo, passengers or loose objects, and chafin
or slapping of cables against parts of the glider., All pulleys
should be provided with satisfactory guards. A control column

" or stick located between & pilot and a passenger should not be
used unless a throw-over type of wheel contrel is incorporated.
The cockplt controls should be protected by a flexible boot or

. similar means, if necessary, to preclude any poes:.bility of
- any ob:jecte becoming fouled in the air controls.

5. Glea.rence. " At the control. surfaces themselves anmle clear-

anceg (5 degrees) should bs left beyond the normal deflections,

to prevent interferences and damage when the surface is slamed
~ over by wind on the ground. :

" Be Nese wheel. | It is eesentiel that when a nose wheel éfeering

~ system is intercormected with the flight controls care be taken
7 'to prevent exceseive loa.de from the nose wheel overstreesing

443
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' the flight control systom. This objective may oe attained

by springs, & weak link, or equivalent means incorporated
in the nose vhecl portion of the corrt.rol system.

SINGLE CABLE 'GOM‘ROLS

Single—-cable controls are diacouraged excopt in special
cases in which thelr use can be proved o be satisfactory.

8ingle eable controls refér to those gystems which do not

have a positive return for the surface or device being con-
trolled. Rudder contrel systems without a balance cable

at the pedals are considered satisfactory if some means such

as a spring is used to maintain cable tension and to hold the
pedals in the ‘proper position, It should be noted that it is
not the intent of the specified requirement to require a dupli-
cation of cables performing the same function.

SPRING 'DEVIGES 7
The use of springs in the control system sither as a

return mechanism or as an auxiliary mschanism for assisting
the pilot (bungee device) is. d:.scouraged except under the

.follcwino condltions H

a, The glider should be satis'f'actdrﬂy maneuvefable
: and controllable and free from flutter under all
conditions with and without the use of the spring
devmce.

' b. TIn'all ecases the spring mechanism should be of a
: type and deaign satisfact.ory to. the Authority.

. Rubbe:r cord should not be used for this prurpose. :

FLAP GONTROIS 4
1, The ﬂap operating mechanism should be such as to nreven't

sudden inedvertent -or automatic opening of the flap at speeds
above the design speed for the extended flep conditions. Means

-should be provided to retain flaps in their fully retracted
. position a.nd t:o 1nd1cat.a such position to the pilot.

2. Undesirable flight characteristics, such as loss of lift
and consequent settling, may result from too rapid operation
of flaps which give appreciablc 1ift, When the prime function
of the flap is to act as a brake, however, slow operation is
not so important., When flaps extend over a large portion of
the span, the control and means of interconnection should be
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such as to insure 't.hat the ﬂaps on hoth gides function
sinmltaneously. _
TAB CONIROLS o | |
' Position indica‘bor. When a.d:jus'bable elevator tabs are

x uaed for the purpose of trimming the glider, a tab position

indicator should be . installed and means should be provided
for imdfcating to the pilot a range of adjustment suitable for
safe take—off and the directions of motion of the control for
nose-up a.nd nose~down motions of the glider.

2. Reversibility, Tab controls should be irreversible and

non-flexible, unless the tab is statically balanced about ite
hinge line. _

;5. “Wear and- vibration. .In addition to the air loads GO

sideration ghould be given in the design to the 1app:.ng effect
of dust and grease on fine threads, deflsctions of the tab due
to the amall effective arm of the horn or equivalent member,

ard vibration common to the trailing edge portion of most movable
surfaces,

4, Degree of travel. It is advigable to avoid a tab control

- -with small travel beca.use of the resulting abrupt action of the

05.45
05.450

tab. -

54 'mrect:.on of 6pération. 'Proper px‘ecémﬁions should be taken

against the possibility of inadvertent or abrupt tab operatlon

. and Opera'bion in the wrong direct.ion.
LANDING GEARS "

GENERAL

1, It is undesirable and unnscessary to mount wheels on an
external landing gear structure as is dons on power planes for

_ grourd clearance. One-laxding wheel located near the center of

gravity (preferably aft) supplemented by a nose skid and either

& tail skid or a skid directly aft of the wheel is customary,

Some designs dispense entirely with the wheel, and use skids
only. _ _

R, Y ‘tail-skid may be desimble on some designs to protect the

bot'bom of the fuselage and rudder. If the skid takes mueh

shock on take~off or landing, the spring leaf type is desixable,

~
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LANDING SKIDS

1. Main skids. Landing skids of ash or similar material are.
used on most gliders to take and distribute nose-down 1and:|.ng
Joads. Skids must be sprung by rubber blocking or other means
when pneumatic wheels are not provided to absgorb the major
part of the: shock. Even vdth uheels, ‘the skid is often sprung.

2o Shock absorption for skida. Whe't.her "rubber. doughnuts"

. blocks, temis balls, or other springing is supplied, there

should be two or more polnts of support besides the front
anchorage, capable of taking aide as well as direct vertical

-loads When cleannszss 13 important the skid is faired full

length into the fuselage by means of a flexible boot,

3. Skid design. Skids should be reascnably easy to replace
especislly on-gliders not provided with a wheel:. A minimum

- 8ize of 1/2 x 2 inches is recommended. - On very course-surfaced
~airports a metal-taced ski.d will. have 1onger life,

IANDIM mms
GENERAL

; Landing wheela are most satisfactozy for all varn.etles of
operations if located close urdernsath the average C.G. of the.
glider, This enables the pilot to¢ hold the tail either high or
low as may be desired. When breking, the nose bears on the
ground and helps to slow the glider down as well as to kill the
1ift on the wings, The attitude of the glider when held over
on the nose should not allow the tail to rise higher than neces~
sary to kill most of the wing lift, as it would turn over more .
easily in a tail wind.

SHOCK ABSORPTION

1. The wheel should be located so ag to project enough below
the forward skid so that practicelly full tire deflection is
available at 2 speed slightly above the stall, More than this
amount is undesirable if the skid 13 to protect the tlre from
rough obstructions. i

2. When using a small wheel, with limited tira d°flect:.on or |

-ghock absorption, it is desirable to spring the skid. ILarge

wheels can take all the loads.  Wheels and tires need not-be
of spocial glider type, unless a wheel or tire failure will
prove dangerous to the particular glider in question,
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3. Regardless of the type or extent of the shock absorbing
qualities of the glider, it is advisable, from service con~
siderations, to design a weak and easlly replaceable part
into the system, the partial failure of which will not damage

the remaining landing gear structure. Sych procedure will
prevent unduly high stresses from being transmictted to the

main fuselage or wing siructure, and will g'ea.tly simplify
rs_pairs.

They wheel support structure should ‘be kept as independent

. a8 possible of the 1ift truss system, Otherwise an incipient

or unnoticed failure in the wheel or asttaclment from a bad
landing might cause a failure of the lift truss gystem in flight,

BRAKES

Brakes c¢n landing wheels are necessary to g.ve control over
the landing run, such as wher landing dowm wind or down hill,
Glider type brakes built intoc the wheel are aveilable on some
size wheels which might be suitable for the heavy two-geaters,
For mmaller and lighter wheels, a simple brake consisting of a
shoe of metal or composition material pressed down on the
circumference of the tire is satisfactory. A control wire is
cﬁried forward from tha brake tc a handle in the pllot's cocks
P

Although not as common, landing wheels are sometimes uged
in pairs. 1f spaced so that the C, G. of the glider cannot fall
outeide of the wheel bzse, the glider will not lie on the wing

~ tip as with & single wheol.

MAIL DESIGN oF FUMS

- GENERAL _
1. Purpose. The fusela.ga is designed to carry ths pilot,

support the tail surfaces and landing gear with as little

. weight and drag as is consistent with tbe general purpose

of the glider.

" 2, Nose. The nose of the fuselage should be mede sufficient-

1y strong to give the pilot reasonable protection in case of a
m o;a well as carry the catapulting and towing loads from
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'8, landing gear. The landing wheel and skid, if any, should

be well supported structurally. The: former should be boxed

.around so that snow, mud or sand cannot pack into the interior

of the fuselage,

" 4, Ground angle and clearance. The bottom of the fuselage aft

of the wheel should provide sufficient ground angle and clear—
ance so that the wing can be held at a high enough angle of
attack for take-off and landing. An angle on the wing of at -
least 10 or 12 degrees is advisable, part of which can be pro-
vided by setting the wing at an angle of incidence on the

o fuselage.

5. Tail skid, The tail end should be provided with a skid

'pr S0 arranged that the bottom of the rudder is protected from

obstructions when landing,.

6. Provision for turn-over. The fuselage and cabins should be
designed to proteet the passengers and crew in the event of a
complate turn-over and adequate provision should be made to

_pernit egress of passengers and crew in such event.

* PILOT AND PASSENGER COMPARTMENTS

1. Ventilation and visibility. The pilot's compartment should
be so constructed as to afford suitable ventilation and adequate
vision to the pilot under normal flying conditions. In cabin .
gliders the windows should be so arranged that they may be
readily cleaned or easily opened in flight- to pronde forvard

. vision for the pilot.

R Seats. Seats or chairs for passengers should be eecurely
"' fastened in place in both open and closed gliders, whether or

not the safety belt load is transmitted through the seat. (See
Part 15 and CAR 05.261 for’ safety belt requirements,) Pilot

seats on gliders licensed for airplane towing should be designed
to carry a parachute. A recess at the back for a backpack is _

the most common meansy; a deep seat with cushion to replace the
pack can also be used, but most gliders are too shallow for this

. arrangement. It is not desirable to cramp the pilot so tightly

in a high performance glider that he is hand:.ca.pped or fatigued

Con’ long flights.

3. Pilot and passenger enclosures,. Removable "scoops" around

~ the pilot should. be securely attached to carry the air loads

encoun‘bered at a maximm towed speed, but must be easy to
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relegse snd push off in case the pilot has to bail out.

They should bs so designsd that their rewowval in flight at

high apeeds will not injure or inconvenience the pilot or
s, or block the exits., The nose may be bullt up

| arcund. the pilot and only a locai portion be removable, -

Sufficient room should be provided for exit wearing a back
cmte., A clear fore and =Tt opening of not less than 24
inches is ﬂaaira.ble.

mmmm

1, Caneral, Steel fuselages are bullt up by gas welding

or bronse weiding of round or sguare stssl tubing into a
rigid truss structurs, Sections through the fuselage are
ugally combinations of rectenguler, trisngular, and
dlsmond shape, ’meba.sicshapeinexmdeduptocurythe
wing and down for the wheel and landing ekid,  The portion
foreard of ths wing is frequently cantilevered out under the
gi.lot, the topanﬁ side fairingbaingmvable as & whole
or exit,

2. Ioad distrihution. Ioads from the pﬂot"s seat, belt. wing
and strut attachments, wheel and tail surfaces should be -
properly distributed into the fuselags trussing, Kccentri-
cities and bending of the truss members should be avoided
wherever possible, In arranging the truss members considersble

-stress analysis labor will ‘be aavecl by elimninating redundant
‘nenbers. _

3. Disgonal braces. Diagonsl braces are necessary for stability
in rectangular or dismond shaped bulkheads having unsymmetrical
external loads applied on them, Where one side of a rectangular
truss is broken, as for a cockpit opening, the adjacent bulk- -
heads usually require a diagonal o provide torsional stability,
This is not necessary when an extra over or under truss serves
to carry ths shear across the panel, Many gliders bave an
extra bottom "V gtructure which serves to support the skid and
wheel under the main structure. It is not necessary that all

- the bulkheads in a rectangular fugelsge have a dlagonal, but

an occasional diagonal between the tail and rear wing attach-
ment bulkhead will increase the torsional rigidity and provide
neans for transferring the load if a member is damaged,

4, J‘oints. Joints should be deaigmd for sinplicity with not
more than six intersecting members if possible to reduce the
likelihood of strain cracks afier welding, Joints must not dbe
btutted square unless there is no possibility of tension or

- bending in the member. On members designed by tension rather

o9
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than by column loads, it will be beneficial to make the
end joints at a flat angle to the tube axis so as to develop
the full tensile capacity of the member.

5. Splices. Splices in tubing should be made by telescoping,

the outer tube being cut at an angle or by butting at an
angle of R0 to 30 degrees to the tube axis and supporting
with &n inserted sleeve. External sleeves may also be used.
A1 welds should be at an angle rather than straight around
the tube, unless the member is loaded in pure tersion only.

-6, Fairing. Truse fuserages can be faired out so as to give.

better shape and lower drag, Strips of wood, tubing, or

dural seetions are used for this purpose. These members

should be strong enough to take *hs fabric tension and handling
loads, The fairing strips are supported by clips on the
structure or plywood formers built out from the bulkheads.

PLYWOOD MONOCOQUE FUSELAGES

1, General. Plywood monocoque fuselages are either of simpli-
fied type with flat faces or of full curved form for the best
aerodynamic efficiency. The simple type is built up on four
main longerons with flat sides. The top "deck" is flat,

round, or "V shaped, faired down to the tail from the neck

cerrying the wing. The bottom surface is carried down in "¥®

-shape to support the keelson above the landing skid., Pneumatie

wheels are carried between main fuselage bulkheads, and recessed
up into the fuselage body. Since the skids are usually sprung
on rubber or other means for shock absorption, heavier bulk-.
heads are provided locally to carry the loads into the main
fuselage shell.

2. Plywood sizes, In general, the lightest practical sizes of

plywood will be thick enough to carry the design shear loads

in the side panels so that diagonals will not be required,
Diagonals may be needed at panels where the external loads are
high as between the main wing bulkheads, in the pilot's bay,
ete. A minimum thickness of*1l mm. for birch and 3/64% for
spruce or mehogany is recommended for fusclage covering.

'3, Bulkhéads. The bulkheads in this type of fuselage can be

made up of siraight struts fastened at the corners by blocking
notched for the longerons and gusseted with plywood.

4e Gurved'monocoque vype., - The curved monogoque style of con-
struction necesgitates laying the plywood on in smaller panels

«4-50
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sheys there 18 double curvature: Longitudinal plywood seams -
should be supported by light internal stiffeners, These may
yun through the bulkheads and serve also as longerons, or be
12id only In between as local (interconnected) stiffeners.
Tne vear part of curved fuselages is often made straight
sonlcal with oval sections s6 that there is curvature in one
direction only, and the plywood may be laid in long length-
¥ise panels, '

B, Rigidity, Care should be taken that the minimum section
Just forward of the fin attachment 1s not so small as to be
too flexible under torsional loads from the vartical tail
surfaces, causing flutter in rough air or at high speed.

" This precaution also applies to &ll kinds of fuselages in

which the rear part is necked down to form a long thin "boom",

In such casos the stiffness in bending about both axes is

t. No definite limits for rigidity can be set dowm,

but it is well kmowm that the natural vibrations in torsion

and both bending directions should all be of different periocds
to prevent interaction. These vibration ratcs can be
measured on the ground by vibrating artifically and counting
the oscillations, : '

€, Qoncontrated loads. The loeds from main fittings should

e well distributed in the bulkheads by means of suitable
blocking, Bireh plywod or ash pads should be provided under
fittings. Wood corner blocks which carry shear through the
glue jJoint should be laminated pie-fashion if necessary to
avoid gluing at an angle of more than 30 degrees off the grain
direction. Butt glue joints on end grain will not carry shear
or tension loads, For various methods of installing corner
blocks, see Figure «4-12. :
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05,47  TOW CABLE RELEASE MECHANTSUS .

Reference is made to CAR 05.842(d) regarding operation
tests on tow cable release mechanisms, end Yo CAR 05.285
on the limit loads to be applied to the cperating handla,

Releases should be designed to accommodate tow-line.
vings of 1-1/R inches diamster, or greater, unless a spacial
tow line terminal is employed. The following precuatisne

~ ghould be observeds

a, I} should be impossible for bolts, lugs, or
other projections on the mechanism itself, ar
the structure surrounding the mechanism, to
Toul the tow line, or tow line parachuts,
under any conditions, If a speclal fitting
is supplied to Garry the parachute, it should
be Bo lecated that the parachute cannot becoms
entangled on the 1lift strute or wires. Thas
forward ond of the nose skid should bo so
constructed as to prohibit fouling botween it
and the tow line and/or parachute.

b, The operating handle in the cockpit should be
¢o located, designed, and placarded thai there
is a minimum of danger of confusing it with the
spoiler, brake, or other control handles.

ts Cables or wires used to operate the release
ghould be protected from wear and gbresion
from normal oparation and from damage by
occupants in entering or leaving the glider,
¥hen fixed or flexible tubing 1s used for
cable or wire.guides; there should be suf-
ficlent protection and drainage to prevent
the formation of ice inside the tube.
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G570 FLIGET REQUIREMENTS

Flight characteristics which render a glider unairworthy
include:

a. Undue tendency to spin or spiral dive (see also
CAAM 05,703).

b. Difficulty in recovering from spins or spiral dives
(see also CAAM C5.703).

c. Lack of comtrol at and below the stalling speed.

: This includes the inability to prevent the glider
from falling off to one side unaer conditions en-
‘countered in an inadvertent stall in stralght

flight (see also CAAM 05,703).

d. Inablllty to control the glide path and speed with-
in safe limits. This includes the inability to
lose altitude in unexpected vertical up gusts, and
inability to prevent "floating".

e. Lack of adequate control on the ground (see also
CAAM 05,705).

f. Undue sensitlvmty or sluggishness in controls or
extreme differences in pressure and/or motion
between any of the three controls. Over-baﬁanulng

 of any control will be cause for rejectipn.

g+ Lack of adequate visibility for pilote

h. Undue tendency of the ‘glider to stall easily while

. being towed.

i, Any features which prevent the pilot from- J¥nowing
‘when excessive loads are being transmitted to the
glider by the tow line (such as release placed %00
near the C.G.).

J. Undue possibility of accidentalJy exceeding the

© maximum certified airspeed in normal maneuvers or

 recovery from epins, stalls or spiral dives.

05.701 BALANCE
As used in the regulation (CAR 05.701) the term |
"balanced" refers to steady free flight in calm air without
exertion of control force by the pilot.

 The normal operating speed reforred to in GAR 05,701
: _should fall within the following limits. ' .

" Class I and IT Gliders
- Between 1.25 V and- 1.6 V

o7-1
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Class III Gliders : S .
Between 1.R5 Vg and .8 V, (Table 05~2 of CAR 05)

without the nse of balancing sevices that are ad,jus-t-

able in flight. If in tests for stability (see

CAR 05.702 and CAAM 05.702), the oscillations are of

guch magnitude that there appears to be undue danger

of exceeding Vg the value 8 V e should be reduced.
CAR 05. 701 does not requim that any specisl balancing devices,
such as tabs or ballast, be employed in cases where the flight
tests may be passed vn.thout changing the rigging during the
tests, When balancing devices which are adjustable in flight
are employed, adjustments may be made in flight during the
flight tests, However, the glider must be controllable at
all times at all possible settings of the balancing mechanism, .

Balance may be attained by the use of movable surfaces, such
as tabs or adjustable stabilizers, etc., or by ballast. (See
also CAAM 05 7110).

STABILITY |
| Stability will be measured in the free-control condition.

Alt!nugh stability and balance are closely comnected, they
should not be confused. For instance, a nose heavy glider is

‘not. necessarily unstable. If, in this case, forces are

present which tend to make the glider assume some speed at

which it is balanced, it will be statically stable. If it
-actually attains thls speed and ceases to oscillate, it is

both dynamically and statically stable. If the craft is
stable but extremely nose heavy, the speed at which it will
ceage to oscillate in the free-control condition may be
h:l.gher ‘than the placard gliding speed, or the oscillations
involved may result in a speed higher than the placard speed.
(See CAAM 05,701 for balance requirements). \

Normal flight conditions as used in CAR C5.702 refer to

normal mancuvers and speeds between Vg and Vg (placard)

‘SPINNING

Class I gliders are sometimes designed purposely with
the ability to spin, since this usually affords a means of
making a safe exit from storm ¢louds that have become too
turbulent for normal flying. However, the use of suitable
spoilers may eliminate the necessity for such a mancuver.
Vicious or uncontrollable tendencies are to be avoided in
Class I, as well as in Class II and IIT gliders,

L] 7"‘2



